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PREFACE. 


The object of the Work now submitted to the public is to in- 
dicate the probable origin, and to trace the progress, of astrono- 
mical science. Setting out with a view of the heavens, the 
sentiments which that view may be supposed to excite are 
described, and the purposes to which the most obvious pheno- 
mena might be made subservient are stated. In the next place, 
the manner in which the ancients endeavoured to explain the 
constitution of the universe, and account for the movements ob- 
served in the heavenly bodies, is shewn. The successive changes 
made in the celestial mechanism, in proportion as the phenomena 
were more attentively considered, are then detailed, an the 
Work terminates with an outline of the system founded on the 
received hypothesis of gravitation. 

From the relations transmitted by some of the ancient writers, 
and from those delivered by modem navigators, we find that 
men, in the lowest grade of civilisation, have always entertained 
nearly the same ideas concerning the forms of the earth and 
heavens, and that they have drawn those ideas immediately from 
the information afforded by the senses alone. It is certain, also, 
that from the time at which the proper movements of the sun, 
moon and planets were first detected, till the h^’pothesis of the 
earth’s motion was recognised, in the days of Copernicus and 
Kepler, the opinion that each of those celestial bodies was at- 
tached to the surface of a revolving sphere was universally held. 
But the faint and dubious hints to be found in the existing 
works of the ancients being insufficient to guide us to a know- 
ledge of the manner in which the periodical revolutions of the 
planets were originally obseiTed, this is, necessarily, in part, 
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supplied by conjecture. In the f61l^ing pages, however, care 
has been taken to suppose, in the l^scoverer, no previous in- 
formation, except such as might be furnished by those pheno- 
mena which are manifest to an unassisted eye, and which could 
not have escaped an attentive observer ; and it will, probably, 
be admitted that the notions imagined to arise on contemplating 
the moving bodies in the firmament are precisely those which 
would occur to the mind of an intelligent spectator, if placed 
in such circumstances. 

It has been attempted, in the present Work, to connect the 
history with the first elements of astronomy, in order that they 
who seek to obtain a knowledge of the science may derive as- 
sistance at the commencement of their enquiries; when any 
difficulty which the student may happen to encounter is most 
likely to deter him from the pursuit ; and when, also, to keep 
alive his interest in the subject, there is need of some such al- 
lurement as may be found in a relation of tlie steps accom- 
plished by Uie celebrated men of past ages. Nor can it be 
doubted that the generous desire of participating in tlie renown 
acquired by the ancient masters in astronomy must, to those 
who have arrived at its principles by thus tracing the succession 
of discoveries, present an inducement, under favourable oppor- 
tunities, to join their efforts for the improvement of the science 
to those .by which it has been brought to its actual state. . The 
obscure period during which astronomy w as in its infancy, and 
in w^hich the first notioi^.s must have been obtained from a mere 
view of the heavens, has been dwelt on at some length, and the 
probable nature of the earliest observations has been described. 
Some mention has, next, been made of the distribution of tlie 
fixed stars into clusters ; of the dispositions of the principal cir- 
cles imagined to be described on the surface of tlie celestial 
sphere for the purpose of marking with some precision the 
places of the sun, tlie moon and the erratic stars ; and of the 
nature of the observations by which the periodical revolutions 
and, consequently, the mean motions of these may have been 
discovered before their places in the heavens could have been 
directly determined by instruments. An endeavour has, subse- 
quently, been made to shew the nature of those assemblages of 
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spheres which were iDveutfed to exhibit some of the principal 
movements of the heavenly bodies, and to enable the astronomer 
to, anticipate the more remarkable pbenom^a with tolerable ac- 
curacy. Then, after explaining from what causes the first sys- 
tems ceased to answer the purposes for which, they were ima- 
gined, some account has been rendered of the struggles between 
ancient prejudices and the evidence of newly discovered facts; 
the efforts made to accommodate the original hypotheses to thb 
complex variations of the planetary motions have been noticed, 
and the historical sketch has, finally, been extended to the epoch 
at which the persevering spirit of man succeeded in deteclmg 
the laws which govern the movements of the great bodi^ in the 
universe. Occasionally, die sentiments of the ancients on the 
principal points in the philosophy of the heavens have been in- 
troduced ; and it will, no doubt, be agreeable to the reader to 
see those opinions collected which are thinly scattered in works 
not readily accessible to his enquiries. The contemplation of 
these subjects affords the satisfaction of observing how, from 
the first rude notions of unenlightened men, and through many 
slowly advancing improvements, the modem science has gradu- 
ally attained its present eminence ; and even a review of the 
false steps which have been taken, and by which its progress 
has been retarded, cannot be uninteresting to those who would 
minutely trace the operations of the human mind in the career 
of discovery. 

ITiat astronomy had been cultivated in the East to such an 
extent and in such ancient times as to permit, at an epoch more 
remote than that of the Noachian Deluge, the attainment of a 
very correct knowledge of the mean movements and places of 
the sun, moon, and planets, is an opinion which, during the last 
century, had several distinguished partisans, but which is, now, 
perhaps, nearly abandoned. Yet, as the idea is too remarkable 
and interesting to deserve entire neglect, it has been thought 
proper to notice it, in the following history, so far as to point 
out the circumstances on which it has been supplied and the 
arguments by which it has been disproved. Some attempt has, 
also, been made te shew that, within the interval of two thonsaird 
years which elapsed between the establishment of the ChaMcan 
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monarchy and the age of Aristotle, if was possible, irom obser*^ 
ration, to discover all those elements of the celestial movements, 
which are contained in the Hindu Tables ; and to form those 
lunar periods which, soon after the time of the above .philoso- 
pher, were known to the Greeks and which were, perhaps then, 
first determined firom the registers of observed phenomena, kept 
at Babylon or in Egypt during the said interval. 

" All the evidence which we now possess favours the belief that 
the country between the Nile and the Euphrates is the birth- 
place of astronomy, tlie cradle in which it was nursed, and the 
source from whence it extended to other regions ; and, though 
no written monument remains of the state of the science among 
the first inhabitants of that part of the w'orld, tlie reputation 
which they had acquired, and which, long after their nation 
had ceased to exist, procured for those who professed to follow 
their docUincs the esteem and confidence of mankind is, in the 
absence of such monuments, the best proof that can be offered of 
their early devotion to the study of the heavens. 

One of the objects proposed in this Work is to give a distinct 
account of the methods devised by the ancients for explaining 
the observed inequalities in the celestial movements ; and, as the 
development of the planetaiy systems is certainly due to the 
Greeks, who first adjusted the positions of the spheres, their 
magnitudes and times of revolution, to the visible phenomena of 
the heavens, the description of those systems is introduced in 
the account of the Greek astronomy ; no doubt, however, can 
exist that, at least, the hypothesis of concentric spheres, which 
bears the marks of being almost the earliest conception formed 
firom the apparent revolutions of the stars about the earth, was 
invented by the Chaldeans ; and it is even probable that this 
people did more than merely suggest the idea of such a ma- 
chinery. It is natural that some curiosity should be felt to know 
why the results and computations foimded on the ancient sys- 
tems, now known to be erroneous in every respect, should, ne- 
vertheless, have approached, in many coses, so near the truth ; 
and it has, therefore, been thought convenient to enter so &r 
into the explanation of those systems as to shew, firom the ac- 
count delivered by Ptolei^y, how the dimensions of the Defer- 
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ents and Epicycles, and the Talues of the equations ariahtg from 
them, weie .determined. But the mtixe neglect into which the 
systems have fallmi seems to rend^ needless any more extensiTe 
development of the subject, which, however, is treated at length 
in the Almagest^ and with considerable perspicuity in Ddamlne’s 
History K 

The astronomy of the ancients was founded on the practice of 
remarking the periodical returns of like phenomei^ which, from 
their general regularity, in some measure supplied the place of 
theory ; and, as the lengths of the intervals compensated the in* 
accuracies of the observations, it is evident that the mean mo- 
tions of the sun, moon, and planets might be, thus, very pre- 
cisely determined. Then, since the dimensions and motions of 
the spheres were so determined, by computation, as to‘ represent 
the discovered inequalities when these were in a maximum or 
minimum state, it may be easily imagined that the differences 
between the observed and calculated places of the erratic bodies 
would never be great, and would often be incapable of detection 
by the instruments in use. The correct values of those inequal- 
ities, in the intermediate states, and several others now known 
to e|ii$t, by all of which the fallacy of the ancient hypotheses 
would have been demonstrated, were not till later ages discovered. 

The Writer has attempted to trace with care the progress of 
astronomy among the Greeks. 'This people began the cultiva- 
tion of die science with a knowledge of the elements obtained 
from die ancient observations made by the Chaldeans or Egyp- 
tians ; and to them must be attributed the honour of having, first, 
applied die dieorems of pure madiematics in^ the investigation 
of astronomical propositions. In fact, we perceive, in their 
writings, precisely that advance towards the discovery of the true 
laws of Nature which might be expected from men of lofty intel- 
lect, who seem to have been retarded in thiir career only by ad- 
hering with too much tenacity to a metaphysical notion conc^- 
ing the perfection of the universe. The planetary systems of the 
Greek philosophers present an admirable display of ingenuity and 
address in their adaptation to the different movements which, 
down to the time of Hipparchus, had been ascertained ; but the 


* Hist, de rAstron. Tom. 11. 
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attempt to represent the inequalities which more perfect observa* 
lions afterward brought to light, necessarily gave rise to such 
modifications that the complexity of the machineiy, at length, 
destroyed its utility. Some enlightened minds certainly enter*- 
tained the idea that the revolutions of the celestial bodies were, 
in reality, very different from those which appeared ; and even 
suggested, concerning those revolutions, m hypothesis compre- 
hending the movement of the earOi. But it required many cen- 
turies to vanquish the strong prejudices in favour of its quies- 
cence, as well as to disabuse mankind concerning the fancied 
influence exercised by the stani on terrestrial substances ; if, in- 
deed, even nonr, it may be said that this last superstition has 
ceased to exist. 

An account of all tlie processes employed in the modem 
astronomy, with the details of their discover}^ could not be in- 
troduced in a work like the present williout greatly increasing 
its bulk, and without entering into investigations which properly 
belong to a treatise on the science itself. But the ancient niechan - 
ism of the heavens, and the invention of the first rules for deter- 
mining, by computation, the places of the sun, moon, and stars, 
form subjects difl'eriug, in cveiy respect, from tliose which .cor- 
respond to them in the actual theor\^ of the universe. The 
Writer trusts, therefore, to have done that which will be consi- 
dered neitlier uninteresting nor nninslructive, in shewing how the 
revolutions of a planet in a simple eccentric orbit about the 
eailh were made to exhibit the alternately direct and retrograde 
movements observed in the former ; and how its supposed revo- 
lution in an epicycle, about its mean place, produced the appa- 
rent changes of direction, and the principal variations of its 
velocity. 

Between the time of Ptolemy and the establishment of the 
Mohammedfin power in Asia, astronomy appears to have been 
but little cultivated ; a few commcnUitors on the works of Uie 
Greek mathematicians and philosophers alone kept alive the 
science, which, moreover, was, during several ages, affected with 
errors perhaps before unknown, and arising either from great 
inaccuracies in the then observed longitudes of the fixed aim's, 
or, which is more probable, from mistakes respecting the longi- 
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tudes asfii^ed to them by tbe a^a^oiioniers of some earlier 
’age. 

The ArabS} in their deserts, had always preserved a rude as- 
tronomy in connection with their worship of the heavenly 
hosV’ and it is probable that, when they attained political im- 
portance, they only prosecuted with more vigour, and more ex- 
tensive means, a study, in w'hich they had ever been interested. 
The duration of their science was limited by that of their em- 
pire ; we aj*c, however, indebted to them for preserving the 
^ knowledge acquired by the Greeks; for increasing it by a num- 
ber of observations made with superior instmments, and for^ 
communicating it to the inhabitants of Western Europe. 

The ancient Hindus, apparently, had claims to the character 
of a .scientific people; part of their astronomy bears the^ marks of 
originality, and its foundations were, perhaps, laid in or near the 
times at which tlie Chaldeans and £g}q)tians are believed to 
have instituted the iii*st* measmes for the cultivation of the 
science. It was, however, while the Arabian Khalifs occupied 
the tlirone of Bagdad that the first communication between the 
learned men of India and Syria, of u hich we have any distinct 
infoimatiou, took place ; though there is no reason to doubt that, 
oiler the conquests of Alexander had made India known to die 
Greeks, and dining the reigns of that prince’s successors, a con- 
stant intercourse subsisted between the same countries. The 
discoveries of Hipparchus at Rhodes or Alexandiia might have 
been, tlicn, conveyed to the banks of die Ganges, and, by 
the Hindu astronomers, incor|7orated with die elements of die 
science previously founded on the obsen^ations of their own 
predecessors : the results of Ptolemy’s rescai’chcs, also, if not 
immediately on dieir publication, w’cre, at a sub.Hcqiient time, pro- 
bably along with die particular determinations of the Arabians, 
received and adopted by die same people. 

No proof exists that the ancient Chinese cultivated astronomy 
as a science ; the only monuments of the attention paid to the 
subject by die natives of llie ** celestial empire” being limited 
to a catalogue of phenomena observed by the eye, and to a few 
simple elements determined by means of the gnomon: the 
whole scarcely serving any other purpose than to shew dial, in 
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the study of the heaveusy the course pursued aisoug this remote 
people was similar to that pursued by the western nations in 
corresponding circumstances. That such should be the fact 
cannot cause any surprise if we consider that the book of Nature 
is open to all^ and tbat^ thereforei all must, to a certain extent, 
read and reason alike. It is, however, worthy of remark that, 
besides an agreement in sentiment, among men in different 
ages and countries, concerning the visible phenomena of the 
universe, the principle of general attraction so extensively 
developed by Newton, was, two thousand years before {liatime,. 
proposed as an hyj^othesis by the philosophers of Greece, and 
is found in the allegorical poems of the Hindus. Moreover, 
and the circumstance is equally worthy of observation, the 
metaphysical opinion of Berkeley concerning what is called 
material substance, that its essence consists in being perceived^ 
is known to have been a fundamental tenet of the Vedanta 
school". We may, therefore, allow, though it can by no 
means be positively affirmed, that both the Hindus and Chinese 
arrived at their astronomical elements independently of any 
other people; but, be this as it may, the want of authentic 
documents relating to their early histories and tlie grc;at proba- 
bility that much of their learning was drawn from foreign 
sources will, certainly, justify ns in placing their astronomy 
after that of the Greeks. 

We are brought, next, \jo tlie times in which tlie writings of 
Ptolemy and bis commentators were studied in Europe; and it 
will be seen that although, with general literature, astronomy 
began then to be assiduously cnllivatcd in this part of the 
world, the authority of the Greek school of philosophy still held 
the minds of men in bondage, and that repeated efforts were 
made to represent the phenomena of the heavens by modifica- 
tions of the ancient hypothesis even after the fallacy of the latter 
must have been manifest. Copernicus himself, who entirely 
changed the face of the science by considering the sun as the 
fixed centre of the orbits of the earth and planets, was not able 
to vanquish some of the ancient prejudices ; and the planetary 
i^stem proposed by him differs materially from that which is 
* Sir Wiliiam Jonss’s DUeoursM, Disc. XI. 
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now» usually, called by hia mme,* The peraeveimg labowe of 
Kepler conspiring with the fortunate invention of the Idescope^ 
at length succeeded, however, in annihilating every impediment, 
and prepared the way for the present theory of the universe. 

It will, also, be seen that the discoveries of the above astro- 
nomers were, by Newton, proved to be necessaiy oonsequences 
of a principle of nature which exists, identically, in the fall of a 
stone to die ground, in the tendency of the moon to the earth, 
and in those of the planets to the sun ; and it is to be observed 
that from researches, founded on this principle alone, which 
were begun by our great philosopher, and extended after his 
death by the mathematicians of the continent, result the modem 
tables of the celestial movements. These exhibit, chiefly, the 
mean or uniform velocity which each planet would have if it 
moved in an undisturbed circular orbit; the first inequality of 
velocity, commonly called the equation of the centre, which 
expresses the variation arising from the movement in a supposed 
elliptical orbit; and the effects of the several perturbations 
produced by the attractions of other planets, by which the 
motion of each, both in longitude and latitude, is rendered still 
further variable ; besides tliese, the tables contain the variable 
distances of the earth and planets from the sun, the movements 
of the apsides and nodes of their orbits, and all the correspond- 
ing elements of the satellites. 

Hitherto the improvements in analysis, by which the formulas 
relating to the lunar and planetary motions w^ere investigated, 
have been accompanied by corresponding ameliorations in the 
instruments of observation ; and thus, the constant coefticients of 
the variable terms which enter into the formulse have been 
obtained witli considerable accuracy. But, that instmments 
more capable than tliose already in use, of determining accu- 
rately the places of celestial bodies by obser^^ation, should 
hereafter be constructed, seems very uncertain. Instruments of 
great magnitude, though tliey afford superior optical powers, 
and are susceptible of more minute graduations than those of 
smaller size, are morh than the latter subject to partial expan- 
sions or contractions, from inequalities in the material, and to 
derangements, from the strains produced by chan^g their 
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directions during the observatioxi ; and these evils, necessartl 
place a limit to their useful dimensions. But we may add that 
the errors in the observed places of stars, arising from imperfec*^ 
lion of vision and from inappreciable variations in the state of 
the atmosphere, too often render useless the skill displayed in 
the design, and the accuracy attained in die execution of the 
magnificent instruments produced by modem art. 

A history of the progress of astronomy would, probably, be 
thought incomplete if the actual state of the science were not 
described, 'riicrefore, after exhibiting an ouUine of the re- 
searches of Kepler and of the planetary theory of Newton, tlie 
last, in all probability, to be recorded, some account has lieen 
given of the recent discoveries made in the heavens; of the 
operations undeitakcn to ascertain tlie figure of the earth ; and 
of the nature of tlio instruments employed in obserx'aiion : and 
a chapter has been added, containing a statement of tlie siibjfjcts 
to which the iiiodern analysis has been ajiplied in investigating, 
by the Uieory of gravitation, the foraiuhe for representing tlie 
celestial movements. 

The Writer has not attempted, in the Work, to trespass on the 
domain of natural theology; and ho only solicits the reader’s 
indulgence while he remarks that astronomy affords the most 
striking evidences of the infinite power and intelligence of the 
Deity. The fonner is inanifi‘slcd in the incalculable number and 
vast magnitudes of the bodies in tlic universe, and the distances 
to which their atti active influences extend; the latter, in the 
proportion established between the intensities of the moving 
forces acting on each, by wdiich, while in constant oscillation 
between opposing atixaciions, the plamits constitute systems 
capable of an endless duration. That inconceivable tendency of 
all the particles of matter to approach each other, can only be 
considered as the result of a principle originally communicated 
to them pur^msely to be the bond by which the different parts’ of 
the universe might be held together. But, because this ten- 
dency, if it acted alone, w'ould have caused all the particles to 
unite in one mass; the Divine Power, which gave existence and 
a law of attraction to matter, must, also, have been exerted in 
causing the unions of portions of that matter in many distinct 
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masses ^constituting suns and planets, in establishing the former 
as centres of particular systems, and in applying to each of the* 
latter an impulsive force by which it is enabled to revolve about 
the common centre of the system to which it was made to 
belong. Here, then, are several independent actions which, 
since they are combined together to work out certain usehil 
ends, necessarily exclude the possibility of a fortuitous occur- 
rence. And though the profound geometer may determine the 
direction of the impelling force and the position of the point of 
application by which, for any planet, the particular motion in 
the orbit and the observed obliquity in the axis of rotation 
might be obtained; be is as incapable as the rudest peasant of 
sliewing, from natund causes, what communicated the force, or 
why, among the infinite number of possible directions and 
intensities, those should have been given wliich, alone, are 
capable of producing tlie phenomena of summer and winter, of 
day and night, in unceasibg alternation. 

It is evident that the science of astronomy may be treated in 
two very different ways. Tlie observed circumstances, in re- 
spect of fime and which attend the recurrence of celestial 

plienomena, by aflbrding data for anticipating the repetition of 
the like phenomena in times to come, pennit tlie laws which re- 
gulate the movements of the sun, moon and planets to be de- 
termined : or the existence of a law of nature, according to 
which material bodies may act on each other, being assumed ; 
from this may be deduced formula; expressing both the mean and 
variable movements, and agreeing with tliose obtained firom a 
comparison of obser^^atious. An astronomy formed from obser- 
vation of the heavens is the subject of many excellent and well 
known English works ; but the other, or that w^hich is properly 
denominated Physical Astronomy, though now, perhaps, gain- 
ing ground, has, hitherto been but little studied in this country. 
If the first work of the kind, the Principia” of the illustrious 
Newton, and the essays of Simpson and Itobison, be excepted, 
reference can only be made to the treatises of the late Mr. 
Woodhouse, the "’learned researches of Ivory, Herschell, Airy, 
and Lubbock ; and the valuable but, as yet, unfinished trausla- 
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lions of the M^canique CMeste^ hy Bowclitch and Mrs** Sower- 
*ville. 

To a treatise on astronomy founded on either of the two prin- 
ciples above mentioned the following Work will, it is hoped, 
serve as a convenient introduction ; it may be considered as 
holding an intermediate place with respect to the voluminous 
histories of M.M. Bailly and Delambrc and, be it said, while 
acknowledging the merits of such as the elegant essay of Dr. 
Adam Smith, or that recently published in the Library of Use- 
iu] Knowledge, the very general outlines which have, occasion- 
ally, been given of the origin and progress of the science. 

Royal Military Colley, Sandhurst, 

May 30, 1833. 
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CHAPTER I. 



CAL'SEH WUIC'H LED TO THE CONTEHFLATTON 
OF THE HEAVENS. 

4 

Sentiments excited by a view of the Firmament.— The worship of the 
celestial bodies was funeral, in the iirst ages of the World.^The positions 
of the celestial bodies m ere supposed to lie indicative of physical and moral 
effects on the Earth. -CircumstaiHcs leading to the study of tlie heavens. 
—The probable origin of Astrology.— Agriculture and NtWgation anciently 
regulated by observations on tbe phenomena of the heavens.— The neoesuty 
of anticipating the returns of the seasfins. — Opinion concerning the ox- 
isteme of a very ancient Astroiioiny.— All^^ed antiquity of Astnmomy in 
the East. -Prejudice in favour of the antiquity of Eastern scieaoe. 

The brilliant spectacle hich the celestial hemisphere exhibits 
when the Sun is pursuing his daily course witliin it, and when, 
from the s*ime canojjy, adorned with innumerable glittering 
points, tlie Moon displays her milder radiance, has always ex- 
cited mingled emotions of pleasme and surprise in tlie mind of 
man. Nor do these affections alone appear to have attended 
the contemplation of the heavens. It is iirobable that man had 
from the first been in.structed by express revelation, that the 
Universe is the work, and is subject to the government of a 
Being possessing infinite power and intelligence, but wanting a 
just conception of the true nature and attributes of the Creator, 
and being seduced by the splendour of the celestial host, he 
was soon led to regard, with reverential feelings, the Sun, 
Moon, and Stars, as appropriate symbols of that First Cause 
which he could only imagine to be supremdy great and 
glorious. 
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In process of time tliese Bjmbols, by withdrawing the 
attention from^ and inducing an oblivion of the original object, 
usurped the place of that whiejb tbej were, at first, intended 
only to represent Thus the Planets began, 

themselves, to be considered as the real intelllgi^ces which 
govern the world ; consequently, as having claims to the right 
of receiving divine honours : and they, then, were represented 
by terrestrial objects denoting their supposed qualities or 
attributes. Diogenes Laertius % asserts that the ancieqt Egyptians 
worshipped the Sun and Moon ; designating them Osiris and 
Isis, and representing them by a Scarabeus, a Dragon, a Hawk 
or some other animal ; and Diodorus Siculus says tliat they 
considered those luminaries as the eternal and first gods ; he 
adds that Osiris signifies many-eyed^ and that the name was 
given in allusion to llie rays wliich proceed from the sun in 
every direction and enlighten the earth. 

The identity of Isis and tlie Moon is, however, doubtful, since, 
as Dr. Young observes, the name given by the Egyptians to tlie 
latter is masculine, wliich renders it unlikely that the luminary 
should have been worshipped as a goddess ; but that a relation 
was supposed to subsist between Isis and the lunar influence is 
evident. Diodorus states that Uie Egyptians gave horns to tlie 
goddess, ill order to express the cuspid appearance of the moon 
when she is in the increase and wane ; and also, because an ox 
was consecrated to her. In Chaldea and the western parts of 
Asia, according to Herodotus®, and Eusebius’*, the sun was 
worshipped as king of Heaven, under the name of Belus. In 
Persia® he was adored under the denomination of Mithras, and 
considered either as the image, or as the abode of Deity : and 
Lucian^ states that there was in Phomicia, a great temple 
dedicated to Astarte, who, as he was informed by one of Uie priests, 
was believed to be tlie same as the moon. In his second book, 
Diodorus Siculus also informs us tliat the Chaldeans assigned a 
Divinity to each of the portions into which they divided the 
zodiac, or path in the heavens apparently described by the Sun 

* In Procemio. ^ BibliothccsB HibtoricB Xiib. I. 11. 

* Clio 80 ct. 181. * Pnep. Hvang. Lib. I. 

* Strab. Lib. XI. Plutarch. De Ifdde et Ouride. ^ De Syria Dea sect. 4. 
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in his annual course ; and Flutaich, in the treatise above quoted, 
says they considered the seven planets as Gods, of which two 
were evil, two were good, and the remaining three were in- 
different. The celestial bodies have, in all succeeding ages, 
been objects of adoration ; and they probably will, in times to 
come, continue to find votaries, till the knowledge of the true 
religion has enlightened every nation of the earth. The un- 
tutored savage still prostrates himself before the rising sun, or, 
with tlie observance of some religious rite, celebrates the prin- 
cipal phases of the changing moon. 

Almost the first view of the face of nature must have shewn 
that Uie sun exerts a most powerful and beneficial effect upon 
the earth, by producing changes in the temperature of the air, 
in the processes of vegetation, and in the habits of animals : it 
must also have shewn that these efiects depend upon the posi- 
tion of the sun in the heavens. By analogy, therefore, it was 
not unreasonable to suppose that tlie moon and stars were 
productive of effects similar in kind, though pr'rhaps inferior in 
degree, which might, like those produced by the sun, be 
ascribed to tlieir situations in the heavens, and might, with re- 
spect to the moon, be conceived to vaiy with her change of 
figure. These opinions being once entertained, it is probable 
that it would not be long before a propensity to ti'ace effects to 
their causes would lead to an opinion that the celestial bodies 
were the powers by whose influence the bodies on the earth 
were endowed with the properties tliey are observed to possess, 
and which could not be accounted for by any discoverable 
agency. From hence the transition was easy to the belief that 
the sun, moon, and stars were the causes of, or were infiu- 
ential in developing the physical and moral qualities of man 
himself. Proofs of the existence of such opinions at an early 
time, are found in the works of several ancient authors : accord- 
ing to Diogenes Laertius*, Ilecateus of Miletus, who is supposed 
to have lived in the sixth century before Christ, in his treatise 
on the Philosophy of the Egyptians, ascribes to that people the 
opinion that the stars are of fire, and tliat by tlieir influence all 
things in the earth are produced. Sextus Empiricus asserts 

• In Procem. 
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also*, that the Chaldeans conceived the seven planets to be the 
causes of whatever happens to men, and whatever is admirable 
on the earth. And Maniliua, at the beginning of his poem, has 
the follo\(4ng line expressing the ancient and almost universal 
notion of the power of the celestial bodies on the lives of men : 

“ et conHcia fati 

Sidera, dlrersos hominum variantia casus.** ^ 

Since the perceptible influences of the two great luminaries 
in the heavens seemed to depend, in a great measure, upon their 
situations, which were distinguished by the neighbourhood of 
particular clusters of stars, it was also a natural supposition that 
these influences, as well as those of the planets, should be pro- 
duced by the action of the heavens themselres ; that is, probably, 
by the energies of the deities imagined to be there residing. In 
fact, we find that certain divisions of the heavens lying near tlie 
apparent paths of the sun, moon, and planets, were sui)posed 
to be the causes of heat or cold, dryness or moisture on the 
earth; and that the conjunctions of planets in tliose divisions 
W’ere conceived to be indications of tlic physical elfecls to be 
produced by such powers in the heavens. Diodorus Siculus, 
in the second book of his history, asserts that the Chaldeans, 
from long continued obsenations of the stars, and from an 
exact knowledge of their motions, were enabled to predict future 
events; that they ascribed the greatest efficacy to the five 
planets, or, as they called them, interj^reters, which, by their 
risings, settings, and conjunctions, announce to men the wrill of 
the gods ; so that by an attentive consideration of the planets, 
this people, he observes, could foretell the occurrence of earth- 
quakes, tempests of wind and rain, and all the various phe- 
nomena of the atmosphere, as well good as evil ; to which he 
adds, the eclipses of the sun and moon, and the appearances of 
comets. 

But the changes aflccting the constitution of the earth itself 
were supposed to depend, in like manner, upon the aspects of 
the heavenly bodies ; for we are told by Seneca, that a certain 
Berosus (a Chaldean philosopher, whom he supposes to have 
been contemporary with Belus) had predicted a conflagration 
" Ad versus Math. cap. 21. ^ Astrnnoinicon, Lib. I. ver. 1. 
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and dfiluge, both of which were to be universal ; the former, to 
take place, when p,ll the planets were in conjunetion in Cancer, 
and the latter, when in Capncom ; and in later times, a disciple 
of Alberius Magnus pretended, to find by computation that, 
before the Noachian deluge, there was a conjunction of Saturn 
and Jupiter in one of the supposed watery signs, by which, he 
said, that catastrophe might have been foretold. 

The opinion that the earth, or rather the physical condition 
of its surface, has been many times successively destroyed and 
renewed, originated, probably, in the observation that the 
revolutions of tlie sun regularly brought with them a return of 
the seasons in the same order ; whence it might be inferred, as 
soon as it was known that die stars assumed nearly the same 
arrangements at the end of certain intervals of time, that the 
arrangement wliich existed at Uie commencement of the present 
state of the earth would again exist at its termination ; that a 
new state would afterwards arise which, in like manner, would, 
after some certain interval, also come to an end, and so on for 
ever. The conjunctions of planets wxre, naturally, at first, con- 
sidered as causes or signs of these changes ; and when tlie jjre- 
cession of the fixed stars became known, the time of their 
revolution was, as finniy, believed to coincide with the duration 
of each terrestrial period. 

The Conjunctions and oppositions of planets and the ap- 
pearances of rennnkable stars were also, till lire birth or revival 
of sound philosophy, considered as causes or tokens of changes 
about to take jdace in political societies. The comet, for 
example, ■which, to the eye of superstition, appeared suspended 
like a sword over Jerusalem before its destniction by Titus and 
the ruin of the Jewish nation, has been often quoted as a presage 
of the hon'ors that were soon to overwhelm that devoted city 
and people. 

From the poem of Manilius which abounds in doctrines 
relating to the celestial influences, drawn from notions very 
anciently prevalent, we learn that the parts of the heavens, lying 
in and near the Zodiac, which happened to appear above the 
horizon at the birth of a child, were supposed to determine his 
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character and fortune daring life*. But the Interest of the 
human race in the regions beyond the earth was not solely 
derived from the opinion that man is the subject of a temporaiy 
influence from thence. Those regions were in early dmes con- 
sidered as his }>roper abode; ignorant of his origin, Vanity 
suggested the fancy that his ancestors descended from the 
heavens or from the celestial bodies they contain ; and Hope 
inspired the idea that, after death, he should there rejoin the 
spirits of those to whom, on earth, he had been attached by 
sentiments of esteem and affection. 

Independently of the interest excited by the phenomena of 
the heavens from the causes just mentioned, we can conceive 
that the important advantages derived from the sun as a regulator 
of the operations of husbandry and tlie affairs of the pastoral 
life; from the moon which supplies the place of the sun by 
night, and from the stars which enable tlie traveller to direct his 
course across the pathless desert or ocean, must have led, early, 
to the study of the appearances and movements of the celestial 
bodies. Thus originated the science of astronomy, which the 
ancients seem to have connected with almost every thing useful 
in society. It teaches, obsenes Clemens Alexandrinus the 
figure of the universe, the revolutions of the heavens, and the 
risings and settings of stars ; by it are discovered the returns of 
the seasons and die changes of the air, and on it depend the 
arts of navigation and architecture ; and before his time it had 
been remarked that astronomy was not less neccsssiry to the 
military art than to agriculture and navigation It may be 
added, that astronomy was soon incoi^)oratcd with the religions 
of tlie heathen world by the priests, who were some of die first 
observers ; and it is probable that much of the fabulous history 
of the gods and heroes consists of allegorical descriptions of the 
phenomena of the heavens, and of the operations of nature on 
the face of the earth. 

Man being sdmulated by a perpetual desire to improve his 
physical and intellectual condition ; being gifted by his Maker 

■ AstronomiGon, Lib. IV. V. ^ Stromatum, Lib. VI. 

* PUto, De Republica, Lib. VII. Polyb. Lib. IX. 
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with the facility of recalling, in imagination, events passed away, 
and of anticipating those which are to come ; being also acutely 
sensible to the fear of misfortune and the hope of happiness, 
the removal of the veil which has been drawn by Providence 
between the present and the futhre is, naturally, an object of his 
earnest solicitude. And, it being supposed that the accomplish- 
ment of this end was capable of attainment by a right inter- 
pretation of the book of nature, exhibited in the skies, the 
phenomena of the heavens were attentively studied for that 
purpose; this gave birth to the vain profession of astrology 
which, holding out the prospect of gratifying one of the strongest 
propensities of human nature, w’^as from the earliest time, 
cultivated with ardent zeal. The practice of foretelling future 
events by the stars, which is founded on the opinion that man 
is a passive being and that his moral as well as physical 
condition is subject to die influence of the material heavens, 
coiisequendy the result of necessity, continued to prevail 
throughout the civilized w'orld till the last century when, by a 
general diflusion of the knowledge of the true system of the 
universe, its absurdity became manifest; and the art L/^ing 
overthrown by the united arms of reason and ridicule, its 
adherents have, since, ceased to be considered otherwise than 
as dupes or impostors. 

The various offices to wffiich the visible phenomena of the 
heavens were made subservient, early gave rise to the institution 
of a class of men for the purpose of watching the risings and 
settings of stars, llie vigils of these persons happily procured 
an accumulation of facts which, while they at first only con- 
tributed to the advancement of some of the useful arts, were 
destined to be the materials by which astronomy was, in after 
ages, to be raised to its present lofty station and rendered the 
most stupendous monument of human intellect. 

Indications have been drawn from the Book of Job, and 
particularly from that passage in wliich the Deity, when 
vindicating his power, calls on the Patriarch to say if he can 
bind the delights of Chimah and loosen the bands of Chesil%. 
to shew that the peof le of the East very anciently paid some 

• Ch. XXXVIII. 
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attentioD to the phenomraa of the heayens on account of their 
connexion with tlic vicissitudes of the seasons. Now those 
terms are, by the Septuagint, taken for the names of stars or 
constellations, for Uiey have rendered the former by the Pleiades 
and the latter by Orion ; and though it is true that the particular 
stars or assemblages of stars which the terms indicate, are 
uncertain, yet the sense of the passage seems to require that 
they should be such as have some relation to the effects of the 
sun on the earth in opposite seasons of the year. Parkhurst, 
however, conceives that Chimah may be intended to signify 
the heat of summer, by which all the delicacies of nature are 
produced ; and the bands of Chesily the winter’s cold, which 
restrains their development ; but this ingenious explanation can 
scarcely be received without hesitation on account of the 
improbability that, in tlie age of the LXX, the knowledge of 
the precise meanings of the Hebrew words, should have been 
so far lost that men, le^anied in the language, could mistake 
those used to exj)ress heat and cold for the names of celestial 
bodies or figures. If we consider Chitnah to signify the 
Pleiades, and if, with M. Bailly % wc infer, from thence, that the 
effect produced by tlieir sweet influences ” nu'ans the genial 
spring, whose return might, in tliosti days, he sup])Oses, be 
accompanied by the heliacal rising of that cluster, or its first 
appearance in the east a short time before sun-rise ; it would 
seem to follow that Chesil signifits some constellation, as 
Scorpio, which, by the presence of ttje sun in it, was supposed 
to produce an effect on the seasons contrary to that which takes 
place when the luminary is in Taurus. Bailly, pursuing his 
idea, imagines that the rising of the Pleiades witli the sun 
coincided, in that age, with tlie arrival of tlie latter at the vernal 
equinox ; that is with the commencement of the spring ; and he 
finds by computation that, in the latitude of the place where Job 
is supposed to have dwelt, the phenomenon occurred about the 
year 3900 Before Christ ; it would follow, if the interpretation 
and hypothesis were just, that the time at which the Patriarch 
Jived, or in which the Book bearing his name was written, was 
anterior to the epoch usually assigned to^the Noachian deluge. 

* ABtronomie Ancienne EcUirciss. Liv. IX. sect. 8. 
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It TDUBt, however, be admitted that determiiiatioi^B £>imd^ on 
such uncertain premises are any thing but conclusive. 

The writings of the Greek and Latin poets afford many evi- 
dent proofs of the importance attached, by the ancients, to the 
study of certain celestial phenomena, on account of their con- 
nexion with husbandly and navigation. Hesiod, the earliest 
author whose precepts concerning rural affairs have reached our 
times, says that com should be reaped at the [heliacal] rising of 
the Pleiades ; and diat the ground should be ploughed at their 
[heliacal] setting. 

iviTsWofMvdaVf 

afMyiTou* a^oroto Jg, ^vtrtrofiivduv^ 

At 3)i Tox vuHTag te hm lif/Mra TSo-o-a^dnovTa 
KiK^i^arai 

Now Hesiod is supposed to have' lived about the year 900 
n. c., and llic situation of tliis cluster will be found, by 
astronomical formulae to have, been then such that its heliacal 
rising, in Greece, must have taken place forty-Uiree days after 
the venial equinox, a time of the year correeponding to about 
May 7 in die present age : but die han^est now commences in 
that country in the beginning of June; we must, therefore, 
suppose that the season in which the com ripened in Greece, 
was earlier in the time of Hesiod than it is at present* The 
heliacal setting of the Pleiades, or their disappearance in the 
west soon after sun-set, which served to designate the time for 
ploughing, took place, at the above epoch, four days after the 
vernal equinox: and, consequently, the interval between the 
heliacal setting and the lieliacal rising, next following, was about 
forty days, dming which time the cluster W'as invisible from its 
proximity to the sun. 

In die jioetical description of the heavens given by Aratus**, 
who professes to have paraphrased a work of Eudoxus com- 
posed about the year :370 n. c., the fields are said to be void of 
com, or the harvest was finished, when die sun entered Leo, 
and diis, in the age of the last mentioned astronomer, must have 
been about seventeen days after the summer solstice, [July 12,] 


* Opera fit Dies, ver. 30.3. 


^ A rati Phenamena. 
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a circumstance which seems to confirm the opinion drawn from 
the precepts of Hesiod, concerning the time of harvest in 
Greece. . The season of flie vintage is said, by Hesiod^, to be 
when Orion and Sirius are in the mid-heaven, and when 
Arcturus rises witli Uie sun ; and if the longitude and latitude of 
Arcturus be obtained from astronomical formulae for tlie year 
900 B. c., it will' be found, by computation, tliat the heliacal 
rising of this star took place about eighteen days before the 
autumnal equinox, that is, about September 7 according to the 
present reckoning. 

In his precepts concerning navigation, Hesiod states** that 
fifty days after the conversion of the sun in summer [summer 
solstice], the weather is favourable for sea voyages. Aratus 
also obsen^es^ tliat when the sun is in Leo, which was, in his 
time, about the same season of the year, the Etesian winds tend 
to the sea and the use of oars on ship-board may be suj)erseded 
by that of sails ; and, in fact, the periodical north -vviriHs prevail 
at present in the Levant, at tliat season. On the other hand, 
Hesiod observes**, that, when the Pleiades rise from the dark 
seas, sailing is dangerous, and, on account of the violent winds 
and rain, it is neccssaiy to sail in large vessels well provided 
with stones, [for ballast,] and to work much at the pumps. The 
rising of the Pleiades here alluded to is, no doubt, that called 
a<cromcal^ which takes place at the setting of the sun ; and, in 
the days of Hesiod, it must have happened fourteen days after 
the autumnal equinox [Oct. 8], when, and during the winter, 
it is known that, at present, the south winds prevail in tlie 
Grecian seas, accompanied by storms of thunder and lightning. 
Aratus®, designating the unfavourable season for navigation, 
remarks that when the sun is in Sagittarius, and the Scorpion 
rises heliacally, ships must not sail by night. Now it must be 
observed, that, in the age of Aratus, the sun entered Sagittarius 
about sixty days, and, in that of Hesiod, about fifty days, after 
the autumnal equinox ; it is probable, therefore, that Hesiod 
meant to express the commencement of the season, and Aratus, 
Uie time when the violence of the winds was the greatest. 

* Opera et Dies, vef. 609. ** Ibid. ver. 612. * Phsenomena. 

^ Opera et Dies, ver, 61 a * Pbsaomena. 
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The first book of the Georgies abounds in precq^ts relating 
to husbandry. At ver. 219 the poet directs that the soil should 
be prepared for com when the Pleiades set in the morning 
[acronically], and the bright star in the Corona Borealis rises 
[heliacally] ; phenomena which, in the time of Virgil and in the 
latitude of Home/ took place, respectively, on the thirty-sixth, 
and about the fifteenth day after the autumnal equinox. Also, at 
verses 215 and 227, he recommends that tares and pulse should 
be sown both when Canis [Major], and when Bootes, probably 
meaning the star Arcturas, set with the sun [heliacally]. The 
first of these phenomena must have occurred about thirty-seven 
days after the vernal equinox [April 30], and the latter about 
forty-five days before the winter solstice [Nov. 9.]. Several 
rules for anticipating the weather are given at verse 424 ; and, 
in the .Encid, allusions are made to the indications of approach- 
ing tempests and rains drawn from the [heliacal] risings of Orion 
and the Ilyades. 

Cum subito asBurgens Suctu nimbosus Orion’’*. 

And, 

Arctunim, pluviasque Hyadas, geminosque Triones ” ^ 

The rising of Orion, in the age of Virgil, took place about six- 
teen days after the summer solstice, and that of Arcturus about 
sixty days after the venial equinox. Ovid, in the Fasti, draws 
the like indication from the setting of Bootes at sun-rise, which 
is nearly coincident, in time, with the last mentioned phenomenon. 
Various references to the risings of stars, in connection with 
agriculture, are also to be found in the work of Columella*^; but 
the phenomena, as well as some of those mentioned by Virgil, 
appear to belong to an earlier age ; and, probably, the Roman 
authors, in ignorance of the changes produced in the times of 
their occurrence by the slow displacement of the equinoctial 
points, have introduced into their works the results of the 
observations of Eudoxus or some more ancient astronomer 
without noticing that they had ceased to correspond with the 
actual state of the heavens. 

Sophocles ascribes to Palamedes, one of the heroes of the 
Trojan war, a knowledge of the courses of the stars, the [daily] 

• JEneidos Lib. I. ver. 539. Ibid. ver. 74a * De Re RustiGB, Idb. IX. 



12 


CAUSES WHICH LED TO 


[chap. 


revolution of the Bear and the setting of the Dog star ; and this 
knowledge he is supposed to have imparted to the Greeks for 
their use in navigation*. From Aratus** we learn that the 
Phenicians made use of the stars of Ursa Minor, which, though 
less brilliant than those of Ursa Major, afforded a more certain 
indication of the northern part of the horizon on account of their 
greater proximity to the pole : and this circumstance, which is 
alleged as a proof of the superior science of the Phenicians, is 
confirmed by the following verses of Callimachus^. 

Kfltl Trig ufMaing kxiyBTo 

Towff ao'Te^tffkoug^ J 7rXEou<n ^olvixEg, 

Manilius, also, speaking of Ursa Major and Minor, says they 
occupy the extremity of the earth’s axis [in the heavens], and 
guide the mariners over the vast sea. 

Summa tenent ejus miseris notissima nautia 
Signa, per immensum cupidoa ducentia poiitum 

The above quotations may suffice to ])rove that, at an early 
period, motives were not wanting to induce men to study the 
visible phenoipcna of the heavens with considerable attention. 

In the first ages of the world the circumstances rerpiiring a 
knowledge of celestial phenomena must have been but few, and 
the obsciTations which then could have been made, must, 
necessarily, have been of the most simple kind. Though we 
have no positive knowledge of their nature, yet, from what we 
can imagine of the wants of men emerging from a state of com- 
plete barbarism, we may safely conclude that they consisted in 
noticing, at night and morning, such risings and settings of stars 
as those above mentioned. Hut it is easy to conceive that it 
would not be sufficient to know, by the heavens, tlie anival of 
the season for the performance of any of the labours of 
agriculture, or for undertaking a voyage to some distant country; 
it would also be necessary to ascertain long before hand when 
such seasons would occur, that time might be afforded to make 
the necessary preparations for the w ork or the navigation : and 
we can imagine that it would be indispensable to know, nearly, 
tlie times of the returns of heat or cold in order to be enabled to 

* Achilles TatiuB, Isagoge ad Phsn. Cap. 1. in the Uranologia of PetaviuB. 

Phsenoinena. ® Diog, Laert. in vita TliaL AstronomicoD, Lib. 1. ver. SOI. 
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take the requisite precautions against the inconveniences they 
produce. A few successions of summer and winter would 
suffice to shew that the returns took place at the' end of nearly 
equal intervals of lime, for which the number of risings and 
settings of the sun would afford a measure ; and it would, hence, 
no doubt, be early attempted to keep a register of such 
phenomena for the purpose of acquiring more readily a know- 
ledge of the recurrence of the seasons ; the importance of which, 
in many respects, would render it desirable that they should be 
anticipated with some degree of precision. 

The exact period to which the infancy of astronomy should 
be referred has been a subject of serious dispute ; the progress 
of the science, in Greece, from a state of extreme simplicity, 
can be distinctly traced, in tlie biographical accoimts we pqssess 
of the first philosoj)hcrs of Uiat nation, and in the writings of 
those among them who, subsequently, devoted themselves in a 
particular manner to the study of the movements of the heavenly 
bodies : and, though the earliest notices of these subjects, in the 
Greek authors, arc accompanied by indications that they were 
drawn from more ancient sources in Chaldea and Egypt, yet 
there is noUiing in tliein to shew tliat, in the latter countries and 
in lliose times, tlie science had advanced beyond its first ele- 
ments ; hence it has been iilmost universally concluded that the 
‘ origin of astronomy, like that of all the arts essential to the con- 
venience of man, may be referred to a period subsequent to that 
which, from the evidence of authentic history, is usually con- 
sidered as the epoch of his first abode on the earth. But cir- 
cumstances, related in the works of some of the Greek historians, 
and certain documents brought wdthin the last century from the 
East, have given rise to an opinion that, in an age far more 
remote, astronomy, in all that concerns tlie observed motions of 
the sun, moon, and planets, was in a state of perfection, capable 
of bearing comparison with that of the present day. This hy- 
pothesis has been maintained both in France and Britain with 
great plausibility of argument ; but, not only have recent in- 
vestigations made it evident that the reasonings by which it was 
supposed to be established are entirely inconclusive, in order to 
reconcile the hypothesis with the present low condition of the 
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science in those parts of ibe world where, in times antecedent 
to any of those referred to in history, it is supposed to hare been 
so highly cultivated, it has been assumed that some gteat re- 
volution has destroyed the once eidsting monuments of that 
ancient learning, and even of the nations themselves, among 
whom it is pretended to have flourished; an assumption, for 
which, it is needless to say, there is not the least foundation. . 

The historical evidences which have been alleged in favour of 
this very ancient astronomy, are those furnished by Diodorus 
Siculus, who* observes that the^Chaldeans pretend to have made 
observations of the stars during a period of 473,000 years pre- 
viously to the expedition of Alexander into Asia; by Diogenes 
Laertius, who asserts** that the Eg 3 rptians reckoned 48,863 years 
between the reign of Vulcan and that of Alexander, during which 
they had obsen^ed 373 eclipses of the sun, and 832 eclipses of 
the Moon; and by a passage in Pliny which, when corrected, 
shews that the Babylonians had made celestial observations 
during a period of 720,000 years, according to Epigones, and of 
490,000 years, according to Berosus and Critodemus. The an- 
tiquity which these periods, if considered as real, would oblige 
us to assign to the origin of astronomy, and consequently of the 
human race, though enormously great, is not more extravagant 
than that which is implied in the fictitious chronologies of the 
Eastern nations. If we turn to Eusebius, we find ** that, ac- 
cording to the relation of a real or pretended Berosus, between 
Alorus the first king of Chaldea, and Xisuthrus, under whom 
occurred a great deluge, which, as Eusebius supposes, was that 
mentioned by Moses, there had elapsed 120 sari, each of which 
is said to have been equal to 3,600 years, and the whole in- 
terval to 43 myriads of years [432,000]. It is also related in the 
same work, on the authority of Manctho, an Egyptian priest 
w'ho lived in the reign of Ptolemy Philadelphus, that the first 
sovereign in Egypt was the Sun, after whom followed in suc- 
cession, Saturn, Osiris, Iloras, and others, till the throne was 
filled by Bitis ; and that the vrhole extent of the period during 


Biblioth. Hist. lib. II. 

Nat. Hist. lib. VII. cap. 56. 
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which this race of kings, rdgned^ who are designated piincipal 
deities, was. equal to 13,^00 years: to them succeeded the races 
of demi^gods and Manes, who. respectively governed the country 
during 5,212 and 6,813 years, when JEgyptus established a new 
dynasty ; so that the whole number of years elapsed between 
the reign of the Sun and that of JBgyptus, who is supposed by 
Eusebius to have been the same as Mizraim the son of Ham, 
was 24,925. The historian Syncellus agrees with Eusebius in 
the duration he assigns to the Chaldean monarchy, but the 
former makes the interval from the reign of the Sun, in Egypt, 
to that of Nectanebus (about 350 years before Chrid), equal to 
36,525 years : all these numbers, however, fall far short of those 
which are presented to us in the writings of the Hindus, where 
the three frrst ages of the world include, it is pretended, an in- 
terval of 3,888,000 years, which is supposed to have terminated 
with die year 3102, b.c. * The mind recoils from the contem- 
plation of these immense periods, •unbroken by a single trace of 
the works of man, which, according to the hypothesis, must 
have jiassed aw'ay with the accumulated trensures of art and 
science, and must have left the men of succeeding times to begin 
the career of discovery as though the race had, at the origin of 
the present state of things, been first called into existence. 

The improbability that all the disco^'eries made during such 
long successions of ages could be completely sunk in oblivion, 
affording at once an argument against the reality of those pe- 
riods ; it seemed to follow, either that the periods were unfounded 
fictions, or that the term year, wliich serves as the unit of their 
measure, represents some certain portions of time difierent from 
that to which it is now constantly applied. ITic first of these 
two opinions would, perhaps, be thought to remove the difficulty 
too easily; tlie latter is rendered highly probable by the consi- 
deration that a year signifies any revolution of time, and tliat it 
was a very common practice among the ancients to assign the 
same denomination to divisions of time, of yery different lengths: 
Eusebius asserts that the years of the ancient Egyptians were 

* Bailly, Astronoinie Indienne, Disa Prelim, page Izziz. 

»* Chronic(m, Pars I. 
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called lunar, and that each consisted of thirty days; this Value, 
he Apphes to tlie years in which he has expressed the duration 
of the Egyptian monarchy, and multiplying the number of them 
by them equal to 2,047 solar years,' which he 

conceives to agree nearly with the Hebrew chronology, Dio- 
dorus Siculus, speaking of the duration of the world says, the 
years by which it was expressed consisted of three months each, 
and his assertion is confirmed by Censorinus, who states ^ that 
such years were first formed by Horns, and were frequently used 
by the Egyptians; the latter also adds that the Carians and- 
Acamanians had years of six months each. A passage quoted 
by Syncellus shews that the Egyptians also gave the name of 
year to the space of one day; and among die ancient Hindus we 
find traces of years consisting, each, of fifteen days^, of one day, 
and even of a small finction of a day. Now by employing one 
or another of these values of a year according to circumstances, 
M. Bailly, and others, have ctideavourcd to reduce the lengths 
of those great periods within the limits of probability, but it 
must be admitted that the adaptations are often arbitrary, and 
the subject wiU certainly be for ever involved in the deepest 
obscurity. 

Bailly divides the period o^*^ 30,525 years quoted above, from 
Syncellus, into four parts, of which tlie first constitutes the du- 
ration of the reign of the Sun in Egypt; the second, that of the 
twelve principal deities, and the third is assigned to the eight 
demi-gods and the sovereigns who preceded Nectanebus. He 
considers each of the yeai’s in the first division to be equal to 
the time of a sidereal revolution of the moon ; each of those in 
the second division to consist of three months, and all the rest 
to be really solar years; the sum of the years, in tlie three di- 
risions, when thus reduced, ^ves 5,782 years from the com- 
mencement of the reign of the Sun, or from the origin of the 
Egyptian monarchy, tjp the time of Nectanebus **. In like man- 
ner, the period of 48,863 years, which is stated by Diogenes 

* Biblioth. Hist. lib. I. ^ De 4ie natali, cap. 16. 

‘ Quintus Gurtius, lib. VIII. cap. 9. 

** Astronomie Ancienne Edairciss. lir. I. sect. 13r 
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elapsed between the reighs of Vulcan in E^t» 
and ^ Alexand^.ihe Great, is reduced, by BaSly*, to 5807 
; and the 120 sari of Berosus are reduced to 2151 solar 
/years, by supposing, with Suidas, that the ^os is equal to I8j 
lunair years, of 354 days each. The 720,000 years supposed by 
Epigones to hare elapsed since the Chaldeans began the prac* 
tice of observing the stars, being considered by BaiBy ** as years 
of one day each, are cqual to 1971 solar years, a number coin- 
juding with that assigned to the period within which were con- 
tained the celestial observations said to have been made at Ba- 
bylon, and which, according to Simplicius *, were sent by Cal- 
listhencs to Aristotle. With respect to the Hindu period above 
mentioned, M. Bailly supposes ** that the years of the first age 
were, each, equal to half a day, and tliose of the second and third 
ages to one-eighth of a day, by which the real duration of the 
three ages is made equal to 3103 solar years ; and, as these ter- 
minate in the year 3102 before Christ, it woiild appear, if the 
hypothesis could be depended on, that the ancient Indians sup- 
posed the commencement of the prcsfnt state of the earth to 
have been in the year 0205 before the Christian era, which does 
not differ much from the two epochs found, as above stated, on 
reducing the periods given by Diogenes Laertius and in the 
Egyptian chronicle. 

Additional arguments in favour of the opinion of a very ancient 
astronomy have been drawn from the denominations said to have 
been assigned to tlie zodiacal constellations by the Egyptians; 
and, also, from the astronomical tables which, in the last century, 
were brought from India to Europe. The names of the con- 
stellations being imagined to express the principal circumstances 
which have relation to the climate and agriculture of Egypt 
when the sun is in each constellation, respectively, and the con- 
formity "of the figures to the subjects sl|;nified being found to 
have held good about 15,000 years before the present time; it 
has been boldly asserted that the Egyptians were, then, a people 
skilled in astronomy ; and, consequently, that they must have 

* Astrouom. Andenne Eclair, liv. I. sect. 14. ** Ib.liv. IV. sect. 31. 

* Comment, de Coelo, lib. II. ^ Astronom. Ancienne Edair. Ur. 1. sect. 17- 
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Cultivated the acience from a period still more iiaxipte, The 
tables profess to shew the places of the smii moDn^ and planets 
at, a period which ascends to above 8000 years before Christ; 
and, as it is supposed that these places were determined from ob- 
servations which therefore must have been continued di^g maiiy 
previous ages, it would £>llow that the origin of the science in 
that countiy must have been long antecedent to the epoch of 
tlie tables themselves. 

Thus the relations of unauthenticated traditions; inferences 
drawn from an unfounded siirmise; and astronomical tables pre- 
tending to have been founded on phenomena actually observed, 
but which may, as probably, have been formed by computations 
of the periods of phenomena for times past," from data furnished 
by observations made in a comparatively recent age, are taken 
for proofs of antiquity sufEciently convincing to outweigh all 
the evidence which written history has conveyed to us : though 
it may with equal probability be asserted tiiat the traditions and 
the tables originated only in Uie vanity of a people who thought 
its national glory was enhanced in proportion as the commence- 
meut of its political existence was referred to a remoter era. 

The acquiescence of some of the most enlightened pliiloso- 
phers of Europe in the claims of the eastern people to the re- 
putation of possessing a highly cultivated astronomy at such 
distant periods was, perhaps, owing to their knowledge of the 
fact, that the East was the scat of learning at times when the 
people of Europe were in a state of barbarism, and to a preju- 
dice excited on being made acquainted, for the first time, with 
monuments of science obtained from distant regions, and of 
unknown dates, but appearing, evidently, to be the works of a 
more industrious and more polished race of men than those now 
occupying the countries in which they were found. And as 
objects which appear lemote and ill -defined to the eye, are, by 
some error of judgment, usually supposed of greater magnitude 
than when distinctly seen; so, to whatever has its origin con- 
cealed in obscurity, w^ by a similar prejudice, always assign an 
antiquity beyond that of the'events which have been transmitted 
to us by the stream of authentic history; thus the mystery hang- 
ing over the epochs of the works in question, is, in a great 
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measme, Hie eause Hat a superior antiquity liaa been ascribed 
to them than they, in reality, deserve. 

'Without staying, then, to form coigectuxes ocmceming the 
state of astronomy in times antecedent to the oldest referred to 
in written ^stoiy'; because, to dwdl upon that whidh, if it ever 
existed, is now certainly lost, can be productive of nmther plea- 
sure nor profit, we proceed immediately to trace the rise and 
progress of that' astronomy which has been for mtuay ages so 
successfully cultivated in Europe; and, fortunately, for attaining 
this end, there exist materials enabling the enquirer to ascend 
to its very origin. 
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CHAPTER II. 

THE FIKST NOTICES CONCBBMINO A8TSONOHV. 

Possibility of an Astronomy before the Noachian Delujape. — Ancient dis- 
ooveries inscribed on columns.— A strononfy supposed to have been cultivated 
in Chaldea and Egypt. — Notions entertained of the earth*# figure by the 
Greeks, the Persians, and the Hindus.*-X>pinionB of the ancients oonoeming 
the nature of the universe.— The tower of Belus and the Egyptian pyramids 
supposed to have been used as observatories. 

The science whose first dawnings it is now proposed to exhibit 
professes to acquaint us with the constitution of the universe 
itself; by it man may, in idea, leave the comparatively diminu- 
tive spot to which, during his natural life, he is confined ; and, 
witliin tlie boundless regions of indefinitely extended space, 
may measure the distances and magnitudes and, even, weigh the 
masses of the remotest planets ; and, leaving tliem, can ascend 
to distances compared with which those of the planets from tlic 
earth decrease till tliey become insensible points, where he may 
contemplate the arrangement of innmnerable orbs which tlic 
most powerfully assisted vision- can, here, but dimly discern. 
By this science some of tlie deepest rooted prejudices of the 
human mind have been eradicated, and man has learned to dis- 
believe the most perfect of his senses ; he has been forced, by 
indubitable e^ddence, to admit that tlic solid and, seemingly, 
quiescent earth, with all the magnificent works of art and 
nature on its surface, is incessantly whirled with vast rapidity 
about the sim, and that the motions he daily observes in the 
heavenly bodies are, in most cases, directly the opposites of 
those with which they are really endowed; instead, also, of 
regarding the earth as the chief object in the universe, and the 
sun, moon, and stars as formed only in subservience to it, he 
is made to perceive that he occupies one of the least orbs in the 
system : that, in fact, he is a native of one of the smallest pro- 
vinces belonging to the great empire of heaven. 

If the knowledge at present, possess, of the system of 
nature, be compared with the ignorance which for ages pre- 
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vailed r^ecting it, it will be impossible not to feel proud of 
the success which has attended the recent exalions of the 
human intellect; but ibis feeling will not be unaccompanied by 
a humiliating regret on considering how impossible it is for ns, 
in this life, to become in the least degree acquainted, except by 
the feeble light of a doubtfiil analogy, with the nature and pro-* 
perties of the infinite varieties of objects with which no one can 
hesitate to believe' that it has pleased the Deity to fiimish the 
celestial orbs, as he has fiiniished , the earth we inhabit ; nor 
can this regret receive any alleviation but from the hope that the 
immortal spirit of man is destined to advance continually 
towards perfection, and to proceed as far as created beings may 
be pennitted to go in tbe investigation of the Creators works 
when, in new states of existence, it shall be endowed with tbe 
faculties necessary to enable it to comprehend them. 

Independently of the direct testimony of Josephus, which, 
indeed, we^ought to be careful not to consider as of any great 
weight, it may be considered highly probable, from die pro- 
pensity of man to seek information concerning the objects 
about him, and from the traces still existing of ancient observa- 
tions made in the East, that the inhabitants of the antediluvian 
world had acquired some knowledge of astronomy ; and it may, 
even, be admitted that some written or tradition^ account of 
their discoveries was transmitted to tliose w^ho, subsequently, 
founded tbe first monarchies in die East, through the survivors 
of the dreadful catasti'ophe which put an end to the previous 
state of things on the earth ; it may, therefore, be safely con- 
cluded that, after the deluge, the natives of the Syrian and 
Egyptian plains had not, entirely, to create die science anew. 
But, in the absence of any information concerning tho learning 
of the men before the Flood, and from die rude notions which 
seem to have prevailed during several ages after the renovation 
of the human race; we may, without impropriety, consider 
astronomy as in its infancy w'hen the posterity of Noah left thq 
residence of their father and established themselves in the three' 
great regions which then constituted all that were known of the 
earth. ** 
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The passage in Josephus fda^g to the exhtokoe of astro-^ 
noiay among ,the antediluvians is contained in the second 
chapter of the first book of his History^ whme the wriior 
states that the descendants pf Seth were endowed with good 
dispoeiitions and appEed themselves to the eontmnplation 
celestial subjects : he adds that, since Adam had predicted the 
destruction of all things on the eairth, once by the violence 
waters and, again, by the action of fire, they, lest the know* 
ledge of these subjects should be lost to those who might survive 
the deluge, constructed two columns, one of brick, and the 
other of stone, and inscribed their discoveries upon them. 
Josephus alleges that one of these colunms existed, in his time, 
in the couznxy of the Seres, but where that country was situated 
is now unknown ; and, as best suited the purpose of modem 
authors, it has been supposed to be some district either in 
Uppar Egypt* Syria or in the north-western part of India. 
Befirre the use of paper or parchment, the practice of engraving, 
on stone or metal, the relations of remarkable events, moral 
precepts and scientifiic discoveries was, necessarily, general ; and 
hence we so often find among the ancients mention made of 
inscriptions on columns: besides the instances above-men- 
tioned we may observe that, according to Epigenes, the Baby- 
lonians pressed the accounts of their observations concerning 
the stars on stones or bricks^; and Diogenes Laertius relates 
that D^ocritus had transcribed his moral discourses fix^m the 
sculptures executed on a pillar in Chaldea. Achilles Tatius** 
also names the Egyptians as the first people who measured the 
heavens and the earth, and adds that they wrote the result of 
their researches on columns in order that they might be trans- 
ipitted to poi^erity ; and Eusebius^ quotes a passage firom the 
works of Manetho, in which the writer asserts that he had 
travelled into the Seriadis, or the country of the Seres, in ord^ 
to examine, cmrtaia inscriptions, in hierog^yphical characters* 
traced on columns which had bemi raised in that country, pro- 
bably in some part of Egypt, by Thoth, car Hermes. Nothing 

* Pliny, Nat. Hist. Lib. Vll. Cap. 56. 

^ Tatiiis, Iiagidge, Cap. 1. in Petav. Uranolog. 

^ Chronioon, lib. I. 
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is Idib^ 6t n^tuib of tliese ittscxij^tii^ nor of Hmkes 
by vhoxa it is said they wesre execute ; but SynceBuostipposes, 
on no certain foundation however, that he lived befine the 
Deluge. The resemblance between the words Seth and Sothis 
has led to an opiinion^ that Josephus took his account the 
columns erected by the antediluvians from the original work of 
Manefho, and this is not impossible ; it may, even, be suspectedf 
that the prediction which the Jewish historian ha!s put in the 
mouth of .Adam is the same as that of the destruction of the 
earth by a deluge and conBagration, which, by Seneca, is 
ascribed to Berosus. 

. Whatever maybe thought of the tradition related by Josephus 
and the inscriptions of Hermes, it is certain, from the testimony 
of ancient authors and from the known taste of men for the 
contemplation of the visible heavens, that some notions concern- 
ing astronomy must ,have been acquired immediately after the 
Flood by those who first, in Chaldea and Egypt, united them- 
selves in societies. Philo relates that Terah, the father of 
Abraham, was skilled in Astrology: Josephus*^ makes the Chal- 
dean philosopher Berosus assert that Abraham was a man of 
acute mind, that he instructed the Egyptians in arithmetic and 
in tliose tilings which appertain to astrology and astronomy ; 
and he infers that these sciences were, first, transmitted from the 
Chaldeans to the Egyptians, from whom tliey afrerwards passed 
to the Greeks. But no particulars have reached us concerning 
the state of the sciences in the days of those Patriarchs, aaid we 
shall hardly be justified in allowing that more of astronomy was 
then known than a few facts relating to the seasons, or the times 
of the rising and setting of some of the stars; as much as this 
may be conceded, for it might easfly be obtained from observa- 
tions made by the naked eye. 

The opinion that the first elements of astronomy were ori- 
ginally brought from Chaldea to Egypt seems to be confirmed 
by a passage ixk the fifth book of Diodorus Siculus, where it » 
said that the Heliacte, or descendants of the sun, a people thus 
designated, no doubt, because they came firom the East, excelled 
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otb^ men in knowledge, particularly in titat whidi rdatedt to Ute/ 
etazB ; that, by them, the art of navigation was cultivated jand 
the hours divided into certain courses ; [probably meaning' that 
the day was divided into hours ;] and that Actis, one of this race, 
arrivi^ in Egypt, built Heliopolis and gave to it the name of his - 
fatfaerT It is added that, according to the general bdief, the 
^Egyptians acquired from him a taate for astrology, which, by 
ancient authors is generally confounded with astronomy; and 
that tills people afterwards cultivated the science with so much 
assiduity as to be considered its inventors. Oathe other hand, 
Tatius* asserts that the Chaldeans obtained their knowledge of 
astronomy from the Egyptians and ascribed to Belus the merit 
of introducing the science into their own country. 

The claims of the Egyptians to the honour of the first dis- 
coveries in astronomy are also mentioned by Diodorus, who 
alledges ^ that the people of Thebais pretend to be the most 
ancient of men, and ^he inventors of letters and astrolog}'^ ; he 
adds that they professed to be acquainted with the situation of the 
earth, and the risings and settings of stars, and to have arranged 
the order of days and months. He asserts that tliey appear to 
have observed accurately the eclipses of the sun and moon ; 
but, their merit, in tliis respect, is rendered suspicious by the 
pretensions he says they made to the art of divination from 
celestial phenomena, and to the power of predicting with cer- 
tainty every future event. 

Again, the same writer states^ that in the midst of Babylon 
a temple, of great height, was built by Semiramis aud dedicated 
to Belus, or Jupiter; and that, on its roof or summit, the Chal- 
deans contemplated, and exactly noted, the risings and settings 
of the stars ; and we are told by Proclus that the Pyramids of 
Egypt, which according to the former historian had existed dur- 
ing 3600 years, tenninaled at the top in a platform on which the 
priests made their celestial obse^ations. From these relations 
it would appear that the evidences in favour of both Chaldeans 
and 'Egyptians are so nearly equally balanced that it must be 
impossible to decide between thdir conflicting claims to the 
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.'^iKmour of priority, in their appliearion Inf olisefTariveas^^ 
wlien, however; we consider that Aria was the cradle of the 
hnma^ race, and that astronomy, in an equally rode state, was 
cnhiyated at the same time in Persia and India as well as in 
Egypt and Europe, we cannot avoid concluding that tl^pro* 
babilities are in &vour of the former people ; and that, frJn the 
country about Babylon as a centre, the science radiated in evay 
direction with the people who, from thence, colonised the other 
ports of the ancient world. 

Ihough it seems difficult to imagine that the firri men could 
avoid recognizing the fact that the earth is isolated in space, 
seeing that the celestial bodies must perform part of their revo- 
lutions below the earth, in order to enable them to reappear in 
the cast after having set in the west; yet the accounts collated 
from tlie most ancient authors concerning the nature of the 
imiverse coincide nfearly with each other in representing the 
earth as a plane figure, bounded on its whole circumference by 
an ocean of vast extent The description which Homer gives 
of the Shield of Achilles, near the end of the eighteenth book of 
the Iliad, is universally supposed to be drawn fi:om the opinion 
prevalent in his day concerning the form of the earth. The 
sculpture exhibited in the central part of the shield is evidently 
intended to represent the various cir^mstances of human life, 
and the margin wliich enclosed the terrestrial scenery was 
sculptured in imitation of what is designated the Ocean River ; 
it is, therefore, likely enough that the circular disc represented 
the figure of the earth itself, Herodotus, in his fourth Book, 
describes the eartli as having a form similar to that assigned to 
it by the Father of poetry ; and he adds that geographers so 
« represented it in his time. These opinions seem conformable to 
what we learn from Diodorus Siculus and Plutarch ; the former 
of whom asserts that the Chaldeans considered the earth to rest 
on the waters like a boat, und the latter* ascribes a like opinion 
to Heraclitus. It may also be observed that the southern con- 
stellations in the great zodiac at Denderah are represented in 
boats, a circumstance which seems to prove that the ancient 
Egyptians thought the parts of the eartli beyond the regions 

* De Pladtis Philosophorum. 
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ibm known, were bounded an ocean : and Ibe fi^owing 
{mssage among many similar ones in the Orphic H3rmns clearly 
expresses the same opiuion ; 

^Xlxeavof irl S^atn ycuav i^sT<ray 

Cko|aedes alleges, however, that the notions of the ancients 
concerning the figure of the earth were various ; and that though 
some considered its surface to be a plane, there were others who 
would have the mass to be in. the form of a cube, a c^lmdmv ccr 
a pyramid*^. 

It may be inferred from the language of Homer in the 
Odyssey that, in his days, the Mediterranean was supposed to 
be situated in the centre of the earth^s disc, and to communicate 
with the surrounding Ocean River at one extremity^. Ihe con- 
tinent which enclosed this ocean was the abode of the Cimme- 
rians and tlie Dead, and is described as not enjoying the light of 
the sun, probably because it was supposed to be at a vast 
distance from the path of that lumiuaiy; this patli being 
imagined to terminate but a little way beyond that region of the 
earth which constituted the limit of the Pfacenician navigation 
on the western side. 

The heavens were conceived to be bounded by a hemispherical 
and crystalline vault, whose base was on the circumference of 
the continent beyond theucean River just mentioned : a notion 
also alluded to in the Oqihic Poems : 

rs^/na ftXov yoinis, ttoMUj 

and, within this vault, the sun, moon, and stars were supposed 
to perform their daily movements. In the first book of the 
Odyssey, the heavens are described as resting on columns; and 
the mountains at die western extremity of the Mediterranean 
sea, which were designated the Pillars of Hercules, were, pro- 
bably, so called in allusion to the opinion that the celestial vault 
was supported in that manner. But Homer seems to have 
improved upon the original notion, by supposing a vault to 
exist below the earth, similar to. that above it; thiais die Tar- 
tarean gulf alladed to in the ei|^ih book of the Hiad; 'the 
gloomy abode of the Titans from which the light of the sun was 

• Hymn XI. (10.) ver. 15. 

® Odyssey, Lib. XI. 


* deomedes De Mundo, Lib, I. 
< Hymn LXXXIL ver. 7, 
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Bwppoaoi to be for ever exjduded. Tbe 'etnsiBk of tba nppss: 
vault is ihou^t to have been the heavenly Olympus ; and fcom 
hence the gods were supposed to mahe thar occasioiid viidts to 
the sons of men. According to Diodoams Sieulus*^ the upper 
and lower poles of the vault were the seats of the thirty diiwities 
who superintend the things done above and below'tbe earai. 

Ideas resembling those expressed by the heathen poets occur 
in the Book of Job : where tlm Deity is described as sprea^ng 
out the heavens^; encompassing the waters with bounds^; 
aUuding, perhaps, to the continent beyond the Ocean River ; 
and making the pillars of the earth to tremble**. This contineal;, 
however, differs from that which, in the Homeric cosmography, 
is described as the seat of the Cimmerians, and seems to corre^ 
spond with the Elyrian Fields in heathen fable ; since, according 
to Rabbinical tradition, it was the place of the terrestrial paradise 
and the bright abode of the *spirits of good men aftar death. 

It was evidently the opinion of the Eastern sages, in very 
ancient times,, that the surface of the earth is nearly a plane; 
and that in its central part, which was conceived to be situated 
northward of tJic regions then occupied by men, (that is beyond 
the frontiers of India, Persia, and Greece,} is a very high moon- 
t-ain intercepting the view of the sun during part of bis daily 
revolution, and thus producing the darkness of night : it was 
believed that the mountain is of a conical form ; that according 
as the sun was more or less elevated above the earth, for it 
appears that this luminary was supposed to describe about the 
mountain a spiral curve alternately ascending and descending, 
he remained concealed during a less or greater portion of time, 
respectively ; and that thus the days and nights were rendered 
of variable lengtli. The idea bekrs the marks of an origin which 
may be dated from a time preceding that of the formaidon o£ the 
o^nion that the celestial bodies, in their daily revolutions^ pass 
undmr the visible surface of the earth; and it seems to be a part 
of the ancient hypothesis that the earth constitutes the general 
basis of the universe. The circumstances above alluded to are 
briefly indicated in the Baundehesch, a supposed translation of 
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of the works of Zoroaster; where it is said that the moas* ** 

^ taan Tirch, or Albordi, the Somdrah of D'Herbdot, rises in the 
midst of the earth ; that about it the sun revdiires daily, and that 
his movement of ascent 'is continued during 180 days; wh^, 
having gained the top, he remains stationazy for a time, and 
during the following 180 days he descends : the interval between 
eveiy two arrivals of the sun on the [front of the] mountain* 
constituting one day^. The same mountain is, also, said^ to 
surround the earth and to reach the heavens ; probably signify- 
ing that lofty branches from the central mass extended towards 
the ocean on which the earth seemed to rest, and following its 
shores, encompassed the terrestrial surface. It is added that the 
mountain was 800 years in attaining its greatest height ; and 
that, in periods of two hundred years, it reached successively the 
stars, the moon, tlie sun, and tlie region of primitive light. Four 
seas, or rivers, are said*=, by the beneficence of Ormusd, to flow 
from tlie Albordi, in order to water the earth ; and M. Anqueiil 
supposes the rivers to signify the Indian Ocean, the Persian 
Gulf, the Caspian and the Mediterranean Seas. 

The same ideas occur in the Brahmanical Fables, where we 
find it stated that Mount Mcru, with its three peaks or summits 
and its seven steps or terraces encompasses Uie whole earth ; 
that the gods are seated on it, and dial, upon one side is the 
residence of Brahma, the holy city Brahmapuri, from the four 
gates of which issue as many rivers'^. The cenfral mountain is, 
in the Pauranicas, described as a coliunn 84000 yogurs high, 
16000 broad at bottom, and 32000 at top; coi^equently, if 
there is no mistake either in the original or the translation, re- 
sembling an inverted cone: and Captain Wilson obsen^es^ that 
this maybe the figure of the^'earth alluded to by Cleauthus, 
Anaximenes, and others, among the western philosophers. The 
seven steps about Mount Mem resemble the seven earths sur- 
rounding Mount Moriah, according to the Rabbinical stoxy 
related by Basuage in his History of the Jews ; and the four 

* Bcmndehesch in the ZendaTeeta, Sect. v. ^ Ibid. Sect. xit. 

‘ Ibid. Sect. xiii. 

** AHiatic ReseandiSB, Vol. X. on the Sacred Isdcs of the We&t. 

Ibid. Vol. Vlll. 
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ikm mentioned both in the Persimi and Hixi^ Coamogxaphi^ 
may be thought to coireapond> in a certain degree, with those 
which in the Holy Scriptures are said to flow from the Garden 
of Eden. 

It might be expected that, among the ancients, the nnciTilised 
people and those possessing few ideas, diould have formed such 
notions conceming the heavens as correspond rather with the 
sensations excited by the first view of the most obvious pheno- 
mena than with the real nature of the celestial bodies ; accord- 
ingly we find that there were men who, as Plutarch relates % 
supposed the stars to be extinguished every evening and re- 
kindled in the morning: the same wild fancy is by Achilles 
Tatius attributed to Xenophanes*^, and we learn from an obser- 
vation of Cleomedes^ that the Iberians pretended they could 
hear, when the siui descended into the ocean, a hissing sound, 
like that of heated iron wheh plunged in water. 

In modem tiines we find that, among the natives of the 
Society Isles in the Pacific Ocean ; a people in almost the 
lowest degree of civilization and completely destitute of any 
thing that may be called science, notions were entertained which 
strongly resemble, or rather, are nearly identical with those 
above mentioned. Mr. Ellis, speaking of their cosmography, says 
that they imagined the sea which surrounds their group of 
islands to be a level plane, and that, at the visible horizon, or at 
some distance beyond it, the sky joined the ocean, enclosing as 
with a vault the islands in the immediate vicinity : every foreign 
land they supposed to have a distinct atmosphere and to be 
enclosed in a similar manner by its particular vault. Some of 
the natives, Mr. Ellis continues, considered the sun as an ani- 
mated being; and o^ers, that it resembled fire; they imagined 
that it sunk every evening in the sea, and passed, during the 
^ night, by a submarine passage from the West to the East, where 
it again rose from the sea in the morning ^ an idea which, also, 
occurs in the writings of the Greek poets : being asked if they 
had ever seen the sun descend into the sea, they answered that 


* De Pladtis, Lib. II. cap. IS. 

Tatius, Isagoge ad Phanomena, cap. 5. in Petav. Uiwudog. 
De Mundo, Lib. II. 
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ih&ylBmA i»^ but that some the people of ^ western idaasdt 
%fcd heard the hissing occasioned bj its plunging into the water. 
The Tahitians imagined, adds tiie same author, that, &ove the 
earth, there was a series of celestial strata, tenpin number, each 
of which was the abode of spirits or gods whose eleration was 
regulated by their rank or power: the tenth, or last heaven, 
which was enveloped in perfect darkness, being the abode of the 
first class only^. No doubt can tbmfoie exist that such 
opinions are those which first suggested themselves to the unen- 
lightened spectator of the heavens, in the infancy of the human 
race. The more complex cosmogony of the ancients may have 
followed next ; but this cannot be supposed to have been formed 
by persons who paid any attention to what they saw of the 
celestial movements: on the contrary it may apparently witli 
reason be susjiected that the opinions on which that cosmogony 
is founded, were maintained only by the poets, who may have 
invented or adopted them for tlie sake of the effect they produce 
in compositions intended to afford pleasure and surprise by the 
exhibition of whatever is sublime and bcautiiul, but in which 
th^e is not required a strict attention to what is probable or 
even naiaral. Among the ancient Egyptians and Hebrews more 
rational ideas seem to have prevailed concerning tlic mundane 
system; for Diogenes Laertius^ relates that the former people 
considered the earth as spherical ; and in the book of Job^ it is 
said that the north is stretched over the empty space, and that 
the earth is suspended from nothing: from which it may be 
inferred that the earth was then conceived to be isolated from 
the rest of the universe. 

None quia non imo tellug dejecta profundo. 

Bed medio suspenga manet, gunt pervia cuncta, , 

Qua cadat, et gubeat coelum, rurgusque'regui^t,^ 

Nor can there be any doubt tliat the arguments of Clcomedos # 
in support of the true figure and situation of the earth were very 
early understood. " The heavens, indeed,” he says ®, appear 
to surround all things about us, and, if we proceed to any other 

* Polynegian Researcbeg, Vol. 11X< Obap. 6. ^ In Proosmio. 

* Chap^ XXVI. Ter. 7< ^ Maailiug, Astronomieon, I«ib. I. vcr. 179. 

‘ De Mundo, Lib. I. 
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c&aate^ tlk^ axe alffl abore our. Iteade^' nor ^ tibief asf wlwae 
rest upfflj Ibe ‘earfli.’’ And «.g8in*, *‘tf tbe eaxtb ^feee of 
plane figure all men would have the same hoiizoe; the 
rising m setting of the stars would tahe place at the same time 
fcnr all; and there would be the same be^^nning of- the di^ or 
night” ^ 

!lhe glolmlar form of the earth was earlf known' to the (Sredns, 
and we may observe that Herodotus ** mentions a peo]^ udto 
sleep during six months of the year ; a dynmstaace which seenw 
to shew that in the days of that ancient writer men had some 
knowledge of the periods of light and darkness about the pole 
of the earth ; or that, fix>m a well founded hypoth^is conoem- 
ing its figure, they had anived at just conclusions respectipg the 
phenomena exhibited on its surfa^ by the apparent revolution 
of the heavens. 

When .the &ct that the> earth is entirely detached fiom 
all the other parts of the universe was recognized, man, not sa- 
tisfied with the ample fieldlfor research afibrded by natiure on 
liis own domain, took flight, in imagination, beyond the utmost 
bounds of the risible heavens, and hesitated not to build up 
theories regarding subjects which will probably be for ever 
beyond his comprehension. 

The accounts handed to us by Diogenes Laertius, and by 
Diodorus Siculus concerning the cosmogony of the Egyptians 
and Chaldeans shew that material substance was considered by 
these people to be the principle of all things ; and that fimn it, 
by subdivision, the four elements, fire, air, water, and earth, 
and all animated beings were produced®. This idea is de- 
veloped by Diodorus, who states'* that the heavens ami earth 
ori^nally, by the mixture of all substances, existed in a chaotic 
state, and that after the precipitation of some, the universe as- 
sumed the form we behold : the fiery part, on accoimt of iits 
levity, ascended to the upper regions ; and, firom the same cause, 
the su n, moon, and stars, which were supposed to be of the 


* De contemplatione orbiuni oedestium, Lib. I. cap. 8. 

** Mel])oinene. ® tn Prooem* 

Bib. Hist. Lib. 1. sect. 7- 
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. nuttetre of fife, were placed in the &maniiH|^t : a n<itioU #1- 

^ * ••^ i?' *‘■.*4*+* 

inirahly expressed by Manilius ; * ' ' 

in nthereM volaoGr te tustuUrarM| ^ 

Suxnxnaque oompleanu stellaikti* culmina cxeli, 

Flammarum vallo luttum oioeiiiB fseit *. 

But Uie vapouro and denser matter were ima(;^ned*^‘^liaVe, 
subsided together in one place by their weight : thh latte* c^* • 
stituted tlie solid part of the earth, and the former, by cgllitUHill 
motion disengaging it||df, formed the seas and air. It is 
asserted in the ancient poems entitled the Chaldean Qi*atlcs^ 
from an opinion that they contain a summary of the notions in 
philosophy entertained by Uie earli<»st people of Asia, that the 
universe w«as divided into seven distinct spacers or worlds; 
“ the Father,’’ it is said in the poem on the heavens, “ made 
seven worlds, including them imder a globular fonn : he made 
the great host of incrratic stars ; he also placed Uie earth in the 
centre, the waters witliin its bosom, and Uie air above it.”** 
The worlds here alluded to arc 5y f’sellus, the commentator, 
considered as concentric spheres, and arc thus enumerated. 
The first, constituting the exterior of the universe, he supposes 
to be empyreal, or fonned of piure elcmentaiy fire ; within this 
he imagines that there are three a'thcrejJ splieres formed of i‘lc- 
ments less subtle dian the first ; the three last arc supposed to 
be what were commonly desigjiated the material worlds, and 
consisted of the sphere of tlie fixed stars, the sev(*n planetaiy 
spheres and the sublunary region ; and Mr. Stanley sujipuses 
that in the latter axe comprehended tlie spheres of air, water, 
and earth* 

The constitution of the universe was explained in a similar 
way by Hecateus of Miletus, in a work on tlie Philosophy of 
the Egyptians, among whom also the same doctrines appear to 
have been received ^ ; and Achilles Tatius observes that the sec- 
tators of Qipheus, meaning those who, in his day, adhered to 
Uie Chaldean philosophy, compared the three principal divisions 

* Astronomicon, Lib, L ver. 495* 

^ Stanley, History of Pbiloso{^y. Chaldean Philos. 

^ Diog. Laert. in Procpm. 



tolPtN^fllie]!, the WtisvDd tiM yoQt of aa egg*, 
fire^ snppo^ to conetitnte the outer ephene 
''||irl8kh,>MKN9 the jHimdane egg, is to be understood matter, if 
lW^I|J^i^mtgrbe allowed, in the highest degree of attenuation, 
,0^<^.it4raM, fL fire without heat On the exterior of the nnU 
Jifistoile no substance can possiUgr exist 
' might have been the ideas of the fir8|^people coni- 

the nature of the setliereal spheres^ we learn that^ in later 
times, ifiheir place was, by some, supposed to be occupied by a 
^^ij^talline substance which enclosed the three material worlds 
as witliin a hollow globe. Thus Seneca says “ if we may be- 
lieve Artemidorus, the vault of the heavens is solid and like a 
roof ; and beyond this is the region of fire : in this vault are cer- 
tain apertures like windows by which the external fire enters 
and becomes iucori)orated with that about the earth,” Seneca 
justly condenins Uie notion of Artemidorus, and observes tliat, 
to c)])puse it, would be as useless as beating the air ; yet so strong 
has been the propensity sf man to refer every appearance in the 
heavens to a mechanical cause that, as Macrobius rclf^tes **, a 
certain ThcoplirasUis who is, moreover, said to have uTitten a 
history of Astronomy, not only maintained the same opinion, 
but asserted, besides, tliat the Via Ijat»tea was the place of junc- 
tion of the two lieinisphercs constituting the shell; tliis jimction 
being supposed to be imperfect, he imagined tliat the light 
beyond the sphere was rendered visible tlirough the intervals. 

'Ihe argument by which tlie spherical fomi of the universe 
w'as proved by the ancients, is founded* on the supposed per- 
fection of a circle, and, consequently, of bodies bounded by that 
figure. ArisioUe, in his treatise De CopIo^ states, that no right 
line is perfect because it has terminations ; and the inference is, 
that the perfection of a circle consists in its having none ; he 
obse^es, also % that since that wdiich is perfect must have pre- 
ceded that which is imperfect, the circle is the first of plane 
figures and the sphere, the first of solids ; therefore, conceiving 


• Tatiut, Isagcige, Ca|>. 4. in Petav. Uranolog. '* De Codo, Lib. 1. Cap. 9. 

• Nat, Quaost. Ijih. VII. Cap, la 

^ Comment. Soronium Scipionii, Lib, I. Cap. la 

• Lib. L Cap. a ‘ IWd. C^. 4. 



tl]9 ttiikme Id have existed horn 

iftiast be comprehended withiir a q^erical sasr 

cient schools this mode of reasoning too emamafy enpiiped 
the place of inductions from facts and obsertaSdhSy erw ifhw 
1. the circumstances were such as to render frets and ohsi^rynti^ 
^ nciUssible; and the practice of arguing instead of olM^ing 
be teesribed (p an indolent neglect of phymea) researcb^^^^ to 
the prejudice arising from a habit of recurring to tbe imaginatiQU 
when physical data were wanting* In either case, we can dl^y con* 
sider such liusonings as rain attempts to conceal that ignmrainco 
which it would hare been more consistent with the spirit ot 
sound philosophy to have acknowledged. 

, The ancient Greeks seem to have entertained an opinion of 
the arrangement of the elements eonsdtutiug the universe, which 
differs in some respects from that of tlie Chaldeans or Egyptians. 
According to the Pythagoreans % tlie grosser materials were 
situated towards the circumference, and the central part was the 
region of fire, which was there disposed l>cca«se it was con- 
ceived to be tlie most noble of the dements, and because tlie 
centre was also considered as the most honourable place ; but it 
appears that some parts of the different elements were imagined 
to be diffused through all space and to enter into tbe composi- 
tion of the earth and planets. About tlie region of fire w ere 
conceived to be arranged, in succession, those of air, water, and 
terrestrial matter, forming so many concentric shells, and in tlie 
last the earth was supposed to be placed ; beyond the region of 
the earth came the seven planetary spheres, and the whole sys- 
tem was enclosed within the sphere of the fixed stars. 

The idea entertained by the ancient Hindus of tlie antiquity 
of the earth, and their doubts concerning the cause and manner 
of its existence are finely expressed in tbe tenth chapter of one 
of the Vedas, according to the translation of Mr. Colebrook*. 

" Who knows exactly, and who shall in this world declare 
whence and why this creation took place ? The gods are sub- 
sequent to the production of this world ; then who can know 
from whence it proceeded ? or whence this varied World arose ? 
or whether it uphold itself or not ? He who in the highest 
* AriitoUe De Ccelo, Lib. IL 



Itetprte wain^ deNi» 'ikdfei£)d^ted^ 

another can possess that knowled^ *. ' 

!Ilie opinicms of the Hebrews conceming the eoinstte^m of 
the itmTcrse^ were probably the same as that df the CheMmms ; 
for; from passages in the sacred Sciiptaiesy it has be^ 
that the fonher people considered the heavens to be 
the lowest was conceived to be the earth, and the sntTOmdBli^'^ 
atmosphere, the region of the clouds; the second was the r^mn 
of the stars ; and the third, the abode of the Deity. l%is last 
is supposed by the commentators to be that to wKch St. Paul 
alluded when he said he was caught up to the third heaven. 

It was a general opinion among the ancient philosophers, 
that the Earth was the most important body in the universe 
and was, even, the source of the principle of existence in all the 
others : the air was supposed to be nourished by the humid 
vapours exhaled from its surface ; the ether, by the air, and the 
stars by the ether ; a notion expressed by Lucretius, when he 
asks, 

** Unde mare, ingenui fontes, etemaque longa 
Ftumina suppeditant ? Unde ether sidera pascit ? ** 

and maintained by Cleanthes, who, according to Cicero, asserted 
that the stars arc proved to be constituted of lire by the evidence 
of two senses, the touch and the sight ; and that they are con- 
sequently fed by the vapours of the ocean. Nam solis candor 
illustrior est, quam ullius ignis, quippe qni immenso mundo 
tain longe lateque collucat: et is ejus tactus est, non ut tepe- 
faciat solum, sed etiam saepe comburat: quorum neutrum faceret, 
nisi esset igneus. Ergo, inquit, cum sol igneus sit, oceanique 
alatur humoribus (quia nullus ignis sine pastu aliquo possit 
permanere) ; necesse est, ant ei similis sit igni quern adhibemus 
ad usum atque ad victum, aut ei qui corpoiibus animantinm 
continetur The opinion that the Earth affords aliment to 
the stars is also alluded to by Cleomedes who, having re- 
marked that the Earth is but as a point when compared with: 

* Asiatic Researches, Vol. VIII. sect, a 
De Rerum Natura, lib. I. ver. 230. 

” 1>6 Natura Deorum, lib. 11. cap. l& 

e De Gontemplatioae Oi*bitti& Ccelestium, lib. 1. cap. lU 
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die af the san mid &e cdles^ afAere, wfBf wb need 

not doubt that this small ear& can supply notiriiduiiGait to* tlio 
heavenly bodies, however vast and numerous tb^ may be, 
smoe« though small in siac, it is great in power and contains 
absioBt the whole of existence in itself. 

We must not, hoa^ever, conclude that such opinions were 
^Bniversally held ; in fact, those who, like Aristotle, conceived 
the celestial bodies to be eternal, contended either that they 
furnished their own aliment, or that none was necessary for 
them ; and Froclus observes that only those bodies which are 
corruptible can receive increase or suffer diminution ; the heavens 
remain for ever unchanged 

The first intimations we have received concerning the prac- 
tice of observing tlie heavens wDl be found in those obscmre 
notices which the Greek writers, of a conij)aratively late period, 
have given of the early state of the Chaldeans and Egyptians. 
It is plain from the passage above quoted^, in Diodorus Siculus, 
that, at Babylon, a college of priests must have been instituted 
by the first sovereigns of that part of Asia for astronomical pur- 
poses ; that their observatory was on tlie temple, or at least, on 
a tower belonging to the temple of the deity to whose service 
they were consecrated : we leam also, tljat the tower was qua- 
drangular, probably of a pyramidal fonn, and was constructed 
80 that its four faces were opposed to the four cardinal points 
of the horizon. A similar disposition is found to have becu 
given to the faces of tlie different pyramids in Egj*pt ; and we 
have shewn that these masses arc stated to have been used as 
observatories : it cannot be doubted, therefore, that such a dis- 
position has been given by design, and we can conceive no 
other reason for it than to ascertmn, by looking along tlie 
southern or northern faces, the days when the sun, or any other 
celestial body, rises and sets in the eastern and western points 
of the horizon, respectively: or, by looking in a direction parallel 
to that of the other faces, as in modem practice, to find when 
the celestial bodies are in the plane of the meridian. Be this as 
it may, it is evident that, at the time of constmeting these works. 


in Tinueitm, lib. IIL 


^ Pag* 2i. 



coNOCEmffe AniBOMoanr. 


M.J 




the twopec^le mast have Imown how to teuie a suiridhiii Ihn^ 
aad the Egyp^im {>}rnaaids are stiU exbtiag ncntmuhtt of tUs 
step in the ancient science : it must be owned, howermr, that to 
orient a buikling is not a work of mu^ difiknlly, when great 
precision is not required, since it would be onfy necessary to 
mark on the ground a line between the spectra and a terres* 
trial object when the string of a suspmided plummet appears tp 
pass through the p<de star and that object 
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CHAPTER III. 

THE NATURE OF THE EARLIEST OBSERVATIONS. 

General plienomene of the heavens.— The phemanena of the sun and 
moon used as measures of time.— The moon's proper motion^ and phases, 
observed. — Division of the fixed stars into particular giy>u|ML«.«The original 
constellations changed by the Greeks.— Description of the oonstdlations.-*^ 
Their designations supposed to relate to the qualities of the seasons.— 
Astrological notions connected with the constellatious. — The sun's proper 
motion, and the direction of his visible path ascertained. — The use of the 
gnomon in astronomy. — Methods of obtaining a welL defined shadow*— 
The length of the year determined by the gnomon. 

Now if, in the absence of all positive infonnation concerning 
the first discoveries relating to the movements of tlie heavenly 
bodies, of which indeed scarcely a trace has been presented, we 
might be permitted to supply the deficiency under the guidance 
of such hints as can be collected from tlie ancient writers, we 
would venture to assert that they must have taken place nearly 
in the following manner. 

A general and circular movement of the bodies in the 
finnament would be the first phenomenon recognized even by a 
superficial observer. The shepherd who watched his . flock by 
night on some plain bounded by the horizon would soon perceive 
that certain stars rose from the ocean, or from behind the hills 
which limited ' his view towards the east, and each, after 
describing a curve in the heavens, disappeared behind the 
terrestrial objects about the west; that some performed their 
revolution without descending so low in any part as to reach the 
horizon ; and, finally, that one star seemed to be stationaiy in 
the heavens during all the time that the absence of the sun 
permitted it to be visible ; nor could these phenomena fail to 
suggest the idea of the revolution of some geometrical figure, as 
a cone, a cylinder, or a sphere, about a certain line passing 
through the eye of the observer, and situated obliquely to the 
plane of the terrestrial horizon. How long any doubt existed 
concerning the triie figure of that surface on which the celeBtial 
bodies appear to describe Uieir daily revolutions is uncertain. 
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We hare seen in what manner Aiistotte aigiieA in feroiir of the 
opinion that the universe is globular, and such reasoning may, 
from the first, have been considered aS estabhi^ing the belief 
that the stany heaven was of a like form; but the means 
explained by Proclus of ascertaining its true figure, have so 
much the appearance of being those which would present 
themselves to the minds of the earliest enquirers into the causes 
of the celestial phenomena, that we cannot do better, in this 
place, than describe them. This writer first observes that some 
of the stars evidently describe complete circles daily in the 
heavens about one fixed point ; then, in proof that the movement 
of the sun is circular, he alleges the inequality in the lengths 
of the days and nights in different seasons, and the changes 
gradually made, during die day, in the position of the shadow 
cast by any terrestrial object ; and, lastly, he shews that the 
sun is, at all seasons, on the surface of one sphere because his 
apparent magnitude is invariable which, he says, could not be 
the case if, from riiidwintcr to midsummer, he had moved north- 
wards on Uie surface of a cylinder or cone; since, in one 
situation, he would then, evidently, have been nearer to the 
spectator tlian in the other, and consequently, be ought to have 
appeared greater, 

However inconclusive this argument may seem to a modem 
astronomer, whose instruments afford him the means of detecting 
the periodical variations in the appar^t magnitudes of the sun 
and moon, to the ancients it must have been in the highest 
degree satisfactoiy. The planets and fixed stars did not, on 
account of tlieir smallness, admit of this kind of proof, but the ^ 
celebrated Euclid by a comparison of the visible magnitudes 
of the circles they describe about the pole, demonstrated that 
the revolving surface to which they belong could be no other 
than that of a sphere. Hie results, however, of Euclid's 
demonstration were, in all probability, very early anticipitody ^ 
ibr at appears ta have been, from the first, generally understood 
that the edestial bodies were attached to the concave surface of 
a spherical shell which revolved in a certain time about the 
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earthi md that the latter was dtnated mer iimt lhe .ce^^ 

this ccmcavily. 

The phenomena presented by the sun and moon would 
doubtless next attiuct the attention of persons impelled to^aeek 
iniormation eonc^ing the objects that surround them by that 
curiosity which, for his improroment, has been so de^ly im* 
planted in man. The risings and settings of the former, which 
afford the means of measuring inten^als of time for regulating 
the ordinary occupations of life, would be immediately attended 
to, and employed for that purpose; the inequalities of the 
periods of alternate light and darkness being for some time, 
perhaps, disregarded. 

The remarkable variations in the apparent form of the moon, 
by. recurring constantly in a certain order would, no doubt, be 
the indices by which the first sUps were taken for the division 
of time into periods exceeding those marked out by the intervals 
between the sun's rising and setting ; and, by tlic inhabitants 
of a maritime region, it is probable that those changes would 
be suspected to have some connexion with the changes in tlie 
elevations of tlie waters on the coast or in tlie mouths of rivers. 
It is eiasy to observe that a portion of time equal to that including 
about Uiirty repetitions of Hie sun's risings would be com- 
prehended between two successive appearances of the moon in 
the crescent fonn ; hence, such a phenomenon would be a 
convenient signal by which to regulate the celebration of some 
periodical festival, or the commencement of a joiumcy to some 
distant place ; indeed, we find, among all nations not enlightened 
by science, that the first appearance of tlie new moon, as it is 
called, is made use of for those purposes, and one of the duties 
of an established priesthood seems, at first,, to have been the 
looking out for, and giving notice of that event The times at 
which the moon presents a full round orb being found to occur 
about the middle of the interval of two of her successive 
appearances in the crescent form would, also, be made available 
for the same purposes, and evmi the various phenomena of the 
increase and wane might be objects of attention, but the timen 
of their accomplishment being marked less precisely would not, 
perhaps, be so generally useful. The appearances of particular 
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gtarf irUil the smi, either en the maote 
the homon weidd also^ as we ha^e shewn, afihrd ins&si^tk^ of 
times useful for many of the puirposes of huumii Ufe ; hut it is 
probable that these were not attended to till long afiesr the more 
remarkable phenomena of the aim and moon had been made 
subservient to those to which they are applicable. 

The contemjdation of the moon's progress through the heavens 
would, in a few nights, lead to the discov^ of. a twofidd 
movement in that luminary ; for it could not esciq>e obsetradon 
that while, like the rest of the heavenly bodies, she moved 
during the night from east to west, she gradually receded from 
certain stars and approached others situated towards the east 
of them by a movement contrary to the former: and, if her 
position with respect to some remarkable star seen aftCT sun- 
set on any night, wag compared with her position with respect 
to tlie same star on the foUpwing night, it would be found that 
she had made a movement towards the east, during {he inter- 
vening time, of more than one thirtieth part of the whole 
circumference of the celestial sphere. Tlie phenomena con- 
sequent upon this movement take place in the foQowing maimer, 
and dicy must have been so observed from the fii'st moment the 
lieavens were regarded willi tlie least attention. 

The moon first becomes visible near the setting sun and then 
she has the fonn of a slender crescent of light. At the close of 
the following day she appears to have receded considerably from 
die sun towards tlie east, she sets later and her luminous lace is 
found to have increased in breadth. This deviation from the 
sun and the augmentation of breadth continue to increase daily 
and, in less Uian seven days, she is, at the setting of the sun^ 
distant from that luminaiy" as much as one quarter of the 
circumference of a circle surrounding the heavens, and her form 
is that of a semicircle. At the end of about seven days and a 
half from this time she has receded from the sun to the extezit 
of half the circumference of such a circle ; she appears to rise in 
the east when the sun is setting and her brilliant disc, which 
had assumed an oval form by gradually increasing in breadth, 
becomes an entire circle, in which state she is designated the 
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fiiU SKwn. • From day to day after tMs tamo, die a]fpea£ii^ ‘to 
apjooadi nearer the sun on the .eastern side, disc diaiinHhes 
in breadth so that dhe i^ain assumes an oval form, and, in 
about seven days and a half ftom the time of her appearaneh as 
a foil moon, she is once more reduced to a semicircle. In less 
than seven days afterward her disc, which had daily become 
more ' slendor, appears but as a thread of dUvery light in a 
crescent form; she then appears to have nearly returned to 
conjunction with the sun and she rises in the east but a short 
time before him. Then, after remaining ftnr a few days invisible, 
as if lost in the superior brilHancy of the orb of day, she again 
appears in the form of a fine crescent of light near Uie setting 
sun, as at first, and all the above phenomena are repeated in the 
same order as before. Such phenomena must have been 
observed long beftwe the oldest works on astronomy, now extant, 
were composed ; for, in them, vre find allusions made to, and 
inferences drawn fi-om, such phenomena as if they were familiarly 
known ; and it was, probably, as anciently suspected that the 
moon, during the interval between her disappearance when lost 
in the rays of the morning sun and her reappearance on emerging 
from those of the evening sun, accompanied, though invisible, 
the great luminary during his daily progress through the heavens. 

These phases would naturally give rise to the desire of finiHng 
the cause which produced them, and the opinion was probably 
soon formed that thej’ had some dependence on the position of the 
moon with respect to the sun ; but as it was not till after some 
progress had been made in the study of astronomy that the no- 
tions first entertained of that cause were developed in such works 
as have reached otur times, it will be proper that the considera- 
tion of them should, for the present, be deferred. 

But the convenience of referring the moon to some particular 
places in the heavens would render it necessaty to preserve a 
knowledge of the configurations of the groups of stars which tie 
near her path, and steps would early be taken to reeognize those 
groups by some distinguishing marks. The most simple idea 
would be that of assigning them a foncied resemblance to the 
figure of a man or animal; and a lively imaf^ation would aa 



THE ZAmaSt mBUWATmm 




nu} 

Miilf teaoe mch resemblances aiiiot^ t&e (^hcb m a mind not 
<»thenvise oocApied traces &em ia a fire, or ia tbe cknids nrlikb 
ispread tbeir various fmias across tbe summer sky. 

It is probable that, at aa early period, aa was marie to 
determine the positions of stars with more precision than could be 
cditaiaed by a mere reference to some part of the body of the 
figure to which the group containing them had been reduced ; 
and a method similar to that employed by Ferguson, in the last' 
century, may have been practised nearly five thousand years since 
by the inhabitants of tlie Assyrian plains, whose science was, 
perhaps, about equal to that of the self-taught Scottish peasant. 
We can conceive that a primitive star-gazer might hold before 
his eye a frame across which were extended three slender threads 
intersecting each other so as to form a triangle whose sides 
could be made of various lengths by changing the positions of 
the tlireads; the intersections, being made to coincide with the 
apparent places of any three stars, would give, on transferring the 
triangle to a plane surface, the relative situations of the stars; 
from which those of other stars might be found in the same 
manner till a whole group or, even, the stars contained in a 
narrow zone of the heavens were represented ; and there can be 
little doubt that, by such a process, simple planispheres were 
formed long before the theory of projections was disco- 
vered. By constructing such representations of portions of the 
starry sphere on a plane, or on ,Uic surface of a ball, it is evident 
that the determination of the paths and movements of the sun, 
moon, and planets would be greatly facilitated ; for tins purpose, 
wnth respect to the moon and jdanets, it would be only necessary 
to extend a thread to pass through the apparent places of those 
bodies and some of the neighbouring stars, in two different di- 
rections ; then lines being drawn on the planisphere, or arcs on 
the surface of the ball, to pass through the representations of 
the stars, the intersection would give the place of the moon ot 
planet. 

The figures under which the stars have been grouped, migin- 
ally, perhaps, represented the deities of the East, and som^ of 
the principal circumstances connected with husbandry .and reli- 
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^an; saki it was probablf as aiiidi for die imr|n*e ef tnuniDit* 
ting those circumstances to posterity as of ftcifitating a know* 
ledge of the places of the stars, that such figures wm« imagxned 
to totist (HI the surfitce of the cdestial Taiult. But when the 
acimice of astronomy began to be cultiTaried by the Greeks, die 
vanity which prompted this people to ascribe to persons o£ their 
own nation the achievements of foreign heroes, seems to have 
led them even to change the legends pictured by the Chaldeans 
and Egyptians on the face of heaven for othmrs (irawn from the 
fables which formed the basis of their own mythology and his- 
tory. The Mithraic Lion, the symbol by which the earliest 
Eastern nations represented royally, is, perhaps, the only con- 
stellation remaining of those which were formed by the Chal- 
deans ; and we have the testimony of Plutarch to prove that 
some, at least, of the actually existing figures are transforma- 
tions of others w’hich had been placed in the heavens by the 
Egyptians ; for this writer, w'ho, in his treatise De Iside et Osi- 
ride, makes the priests of Egypt say that the souls'of the gods 
shine in the heavens and are stars, adds that the constella- 
tion of Isis is called, by the Greeks, Canis; that of Horus, 
Orion, and that of Typhon, Ursa. * 

The sculptured planisphere which has been recently disco- 
vered on the ceiling of the Temple at Denderah cannot be 
expected to show many of the consteUations invented 1^ the 
anci(mt people either of Chaldea or Egypt, since its execution is 
now well known to have been subsequent to the time when the 
Greek astronomy was prevalent in the East ; yet as certain dif- 
ferences are found between the figures on the Egyptian temple 
and those which distinguish the constellations described by the 
Greek writers, it is probable that there may be some among 
them bclonpng to that distribution of the stars which was made 
by the people of the countiy. The above-mentioned xussertions 
of Plutarch seem also to be confirmed by this monummit, for in 
the place of Canis Major is traced a cow, the animal consecrated 
to Isis; instead of Orion is the figure of a man which is sup- 
posed to be intended for the son of Osiris, and in the part where 
we now place Draco is a figure haring some resemblance to that 



Ill 4 THE BARLim 0irSUYAT^$. 4| 

of m Uppopotamtts, wliidh, fm mSl is mAi^ Vka^ 

tarcli* to be Ae emblem Typbcm aod tlue batdlatiosi^of bm 
spirit. Near the groap of aiars repreaenttng^ as it ia 
the Hyades, is the figure of a hog, urhioh, peihaps^ origiuaSy 
designated that cluster ; the hog being an animal of great 
portance to the Egyptians, and from its Greek name^ the word 
Hyades is supposed to have been derived. In the sculpture, the 
figure of a man with the head of an ox is believed to be the ori* 
ginal of tlie herdsman Bootes ; and the place of Ursa Minor is 
occupied by a wolf. 

It is remarkable that the constellation entitled Libra, which is 
found in all the zodiacs on the Egyptian temples, and certaiiAy 
formed one of the divisions of the celestial sphere in the 
ancient Eg3^)tian astronomy, should, from the time of Empe- 
docles have been omitted in the descriptions of the heavens 
given by tlie astronomers of Greece, who made the claws of 
Scorpio extend so far as to occupy all the space wliich, pre- 
viously, ha^ been assigned to Libra : tlic huter was restored by 
the philosophers of tlie Alexandrian school, and it has ever since 
retained its place among the zodiacal signs. 

Afl^ve and below the twelve zodiacal constellations m the 
planisphere of Denderah arc many representations of men, 
women, plants, and instruments besides the above-mentioQed 
objects, and M. JoUois endeavours to prove that some of these 
also represent the constellations which we find upon our 
common globes^. Be that as it may, the ascertained points of 
resemblance between the figures on the planisphere and those 
wc now suppose to be traced in the heavens, shew that little 
change has been made in the distribution of the stars since the 
origin of the Greek astronomy ; and, on this account, the con- 
templation of the figures into which the stars are grouped must 
possess considerable interest for the classical scholar to whose 
mind they present an eternal picture of the principal circum- 
stances in the ancient mythology, on which he has from youth 
been accustomed to dwell with particular delight 

At the time when the stars were -first reduced under determi-' 

• De et Osiride. “ Fabrldus, Blblioth. Givea, Kb. II. cvf. ISt 

* Rebberchai sur les bai-reliefs astronoini<iucs des sad. I. dfau X* 
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ilate figims ; lliat is when the i*^ailiitaDts of" tl^ AssjiiaD plains 
made dieir first observadons of the heavens, the i^pace now dis- 
tinguished hy the constellation Draco was immediately in the 
vicinity of the nortliern extremity of the axis about which the 
whole celestial sphere seems to revolve ; and one of the stars, 
since designated a, in that constellation whs then so near the 
pole that it must have appeared stationary during the whole 
revolution, though now, after a lapse of nearly four thousand 
years, it has, by that slow moVemcnt to which all the stars 
appear subject, deviated from the pole as much as about 25 
degrees. The figure which was, no doubt by the Greeks, made 
to' coincide with a number of stars situated in this part of the 
heavens, in a curvilinear direction, is sup])osed to represent the 
dragon appointed to watch the Garden of the Hesperides. 
Within one of the sinuosities formed by this figure is placed the 
constellation Ursa Minor, which seems to have been intended to 
commemorate the transformalion of Areas, the son of the nymph 
Calisto, and the grandson of Lycaon king of Arcadia^ it consists 
of seven principal stars, one of which, fonning the extremity of 
the animars tail, is, at, present, tlie polar star, being situated 
within two degrees of the point in which tlie produced a’lfs of 
the earth would actmdly meet the heavens. On the opposite 
side of Draco is the constellation Ursa Major, w’hicli represents 
Calisto lierself ; it contains seven brilliant stars disposed in a 
figure resembling that of Ursa Minor, and has b(K?n particularly 
distinguished since the most ancient times ; though it did not 
always occupy the whole of the space at present assigned to it ; 
for the body of the animal appears to have been originall}’- con- 
fined, by the Greeks, to the quadrangle formed by tlie four 
principal stars. 

At an equal distance firom the place of the present pole of the 
world, but on tlie opposite side of it, are situated the constella- 
tions Cepheus and Cassiopeia ; representing a prince of India or 
Arabia and his consort : the former contains tlirec distinguish- 
able stars fonning an obtuse triangle, and the other contains 
seven which are so disposed as nearly to resemble the groups 
composing Ursa Major and Minor. . Beyond Cassiopeia towards 
the south is tlie constellation Andromeda which may be easily 
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i^^ieed hj its tinm iimicipd stars' iiieMdy ui «^dl|lit 
line and equally distant from each othi^: &nA prim^ was the 
d^gbterpf Cq)heus and is said to have been e^posed tm the 
searshore by her father^ to be devoured by a monster^ in order 
to propitiate Neptune who, for the punishment of Cassiopeia, 
had afflicted the country with a pestilence. Ihe great constel- 
lation^ Cetus, which is far beyond Andromeda towards the south, 
is intended to represent this monster ; it contains several con- 
siderable stars but they are not disposed in aSoy figure which 
can be easily recognized. 

Immediately on the eastern side of Andromeda is Perseus^ 
her deliverer and, subsequently, her husband, who may be dis- 
tinguished by three considerable stars disposed in a right line, 
and by two others in a line oblique to the former ; near this con- 
stellation is a cluster of stars considered as forming the head of 
the Gorgon Medusa. About ihe same distance from the present 
place of the north pole, and on the east of Perseus is the con- 
stellation Aumga which is supposed to commemorate Eriehthonius 
king of Athens ; it contains but two considerable stars and the 
greatest of these is situated in the figure of a goat which is 
bomqipn the left shoulder of the king and was intended to de- 
signate Amaltheus, the nurse of Jupiter. 

A long tract extending about the pole eastward from Perseus 
was occupied, in the ancient representations of the heavens, by 
stars not formed into any constellation ; but beyond Ursa Major 
came Bootes, or the Pastor, supposed to be Icarus, a king of 
Lacedemonia who taught the art of cultivating the vine ; within 
the figure are eight considerable stars, but the piincipal is 
Arcturus, which is situated in one of his knees. On the eastern 
side of this constellation is die nordiem crown which is pre- 
tended to be the diadem of Ariadne and consists of several stars 
disposed in a semicircular order. Continuing in die same di- 
rection about the pole we come to Hercules who, anciendy, 
bore in his hand a branch supposed to have been takem from 
the Garden of the Hesperides, and who is easily distinguished 
by lour stars forming the figure of a trapezoid : then follow the 
Lyre of Apollo or of Orpheus iu which is the brilliant star Vegi^ 
and the Swan, supposed to represent Orpheus himself^ wlridh is 
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« Soulliward af H^fcules n tlie eeKasteBatioii OpMuabiia 
commemorates Esculapius the fiitber of mediciBe; and 
stars forming a long waving line mnning throng^ thejgiire m ? 
considered as constituting a serpent, the emblem of hft wmdo^. 
Near Ophiachus is the eagle which conveyed Ganyme^to j(]h6/ ; 
court of Jupiter; it is distinguished by three stars disposedin a 
right line : a small cluster of stars forming a kind of loaenge re* 
presents the dolphin which bore Arion to the shore; and, ta ' 
complete this circle of constellations, we have Pegasus which 
sprang from the fountain Ilippocrene ; the four principal sta^ 
in this group being disposed at the angular points of a square in ^ 
the heavens permit it to be easily distinguished. , ’ 

Twelve remarkable constellations ure situated nearly in the 
direction of the ecliptic and, consequently, serve to mark the 
places of the sun, moon, and planets, of which all that were 
known to the ancients appear to describe paths IfSng wnlhin a 
narrow zone surrounding that part of the heavens. The first of 
these constellations, which is distingiiislK^d by the name of Aries, 
comes between Andromeda and Perseus but is further UNvords 
the south than either ; it is distinguished by three stars of dif- 
ferent degrees of splendour, which form an obtuse atigled trian- 
gle, and it designates, probably, the raiU bearing the golden 
fleece which gave rise to the voyage of the Argonauts. Follow- 
ing Aries, towards the east, is tlie constellation Taunis, supposed 
to be the bull which carried away Europa ; in the neck of the 
animal is a cluster well known by the name of the Pleiades, and 
supposed to be the seven daughters of Atlas ; and in his bead is 
the very brilliant star Aldeboran and a cluster denominated the 
Hyades. More eastward is the constellation Gemini represent- 
ing Castor and Pollux or, according to Hipparchus, Apollo and 
Hercules ; a bright star is in the head of each of these two 
figures, and below them are four others fonnuig a quadrangle. 
Next to these follows Cancer, which is supposed to represent 
the animal sent by Jupiter to arrest the flight of a nymph of 
whom he was in pursuit; and afterwards, the Nemean hon 
which was slain by Hercules ; this constellation is distinguished 
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by four stars fonning with each other an irregular quadrangle, 
in the body, and by several others in the head, of the figure. 
Virgo is the next in order, and represents Ceres or*l8is or, per- 
haps, Erigone the daughter of Icarus ; it contains six consider- 
able stars near the western, and one still more brilliant, towards 
the eastern extremity. 

In thb more ancient representations of the heavens, the suc- 
ceeding constellation was Libra, or the Balance, and the instru- 
ment was sometimes accompanied by the figure of a man who 
is supposed to have been its inventor. Scorpio, whose claws, 
in some of the descriptions of the zodiac given by the Greeks, 
extended, as we have said, so far as to fill the space occupied, 
before, and subsequently to tlieir times, by Libra, represents the 
animal sent by Diana to destroy Orion for presuming to rival 
her in the chacc ; the constellation contains several bright stars, 
of which those at tlie w estern extremity are disposed nearly in 
the form of an anchor. Sagittarius follows, and is considered 
as commcmofating the Centaur Chiron, the inventor of medicine; 
it is chiefly distinguishable by four stars forming a long 
quadrangle in the front of the figure. 

Capricomus is su])posed to designate Pan who took this form 
in order to escape the giant Typhon : the constellation may be 
known by tw^o bright stars in the head of the goat and one at 
the opposite extremity. Aquarius may have been intended to 
represent Deucalion who rc-peoplcd tlie earth after the Thes- 
salian deluge ; its tliree princijial stars have the figure of a long 
triangle. The constellation Pisces was placed in the firmament 
to commemorate the transformation of Venus into a fish when, 
being alarmed by Typhon, she plunged into the Euphrates. 

Between Taurus and Gemini, but to the south of both, is the 
celebrated hunter Orion, who forms the most splendid constella- 
tion in Uic heavens, where, as some suppose, the figure has in 
every sphere kept unchanged, except in name, the station to 
which the devotion or the fears of the Chaldeans had elevated 
their monarch Belus ; he is distinguishable by a bright star in 
each shoulder and leg forming, together, a large quadrangle 
within which are three stars disposed in a line and resembling a 
girdle. Below Orion, towards the south-east is Canis Major, 
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origint^ly, perLaps, representing the Egyptian god Anuhis but 
subsequently, by the Greeks, converted into one of the dogs of 
Orion ; in the lower part of the figure ore four bright stars and 
in the upper part, Uirec ; one of which (Sirius) is the most bril- 
liant in the heavens. A long constellation to the south of 
Leo and Virgo represents the hydra of Lema; and still further 
southward is tlie celebrated ship of Argos or, as it is called by 
Plutarch, the shii) of Osiris, in the low^er part of wbich is the 
bright star Canopus. Between Orion and Cetus, and extending 
jfrom tlience to the Soutli Pole is Eridanus, which is said to re- 
present eitlier the Po, in Italy, or the Nile, in Egj'pt. And to 
terminate this brief description of the ancieiit consttillations we 
may mention the Gdaxy, an irregular zone of wbitish liglit 
which surrounds tlie heavens; it begins to be visible in the 
south near the tail of Scorjuo where it divides into two branches 
nearly parallel to each other ; passes northward through Sagit- 
tarius, Aquila, Cygnus, Cepheus and Cassiopeia ; from thence, 
turning towards the south, it runs through Perseus, Amiga, tlie 
feet of Gemini, Caiiis Major and the ship of Argos, where it 
ceases to be visible to tlie inhabitants of tlie norlhcni regions 
of the earth. The opinions of the ancients concerning the Jia- 
ture of the Galaxy can hardly be distinguished through the veil 
of allegory udtli wdiich Uiey usuaUy enclosed their descriptions 
of the heavens : on tlie supposition tliat the sphere surrounding 
the region of the fixed stars was a material substiince, Qthiopidcs 
of Chios described tliis zone as tlit; trace of an ancient road on 
which the sun once periormed bis yearly revolutions about the 
eartli * ; and Theop/hrastus, as we have said, considered it as the 
place of junction of the two portions which constitute the ce- 
lestial sphere. Neither of tliese fancies can be understood as 
any thing more than a poetical figure ; but the writer last quoted 
has recorded the assertion of Democritus, so remarkably veri- 
fied by the discoveries of Sir William Herscbell, that tlie appear- 
ance is caused by the blcudcd light of an incalculable number 
of stars situated in that particular region “ Innumeras steU 
las^ brevesqtte omnes^ qu(B Hpmo iractu in uimm coaettB^ y}atm, 

* Acliilleft TatiuB, Isagoge, in Patav. cap. 24. 

^ Macrob» comment, in Somn. Sdp. Lib* I. cap. 16. 
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qwB angmtumim mierjojoent^ opertis vicina siSi fmMqne, ef 
ideo pmsim diffum ltun9 cmpergine contimmm juncti luminu 
corpt$s ostenduntP A similar opinion appears to have been en- 
tertained by the ancient Persians. 

Tlie account we have given of the zodiacal constellations is 
in accordance with the notions of diose who imagine that they 
were intended to represent some of the circumstances connected 
with the Greek mythology ; but it is equally probable that the 
figures have some relation to the rural operations of the an- 
cients, or to die phenomena presented by the sun. It has been 
supposed that the figure of a ram was given to the assemblage 
of stars forming the first constellation because, when this divi- 
sion of the heavens was made, Uie sun was in that part of the 
zodiac at the season in which animals of the above kind were 
taken from the stables to Uie fields. It is also pretended diat 
the lion, an animal distinguished for strength and ferocity, was 
chosen to represent tlie violence of the heat experienced in sum- 
mer ; tlie scor})ion, to designate the unheal thii^ess of the autumn; 
and the balance, tp express Uie equality in Uie lengths of the 
days and nights at the same season. The name of Cancer, an 
animal which is said to move backwards in walking, may have 
been applied to the fourth constellation to express the return of 
Uie sun from Uie summer solstice ; and the name of Capricomus, 
an animal which seems to have a facility in climbing up rocks, 
to the tenth, in order to represent the rising of the sun from the 
winter-tropic. It is w orthy of remark that, accoi-ding to Ma- 
crobiiis % Uic ancients designated the signs Cancer and Capri- 
corn as the gates of the sun, at which, having arrived, that 
luniinar}^ seemed to retrace his path in the zone which he never 
leaves. Through Cancer, also, he says, the spirits of men were 
supposed to pass in descending from heaven to earth ; and 
through Capricorn, w'hich therefore was called the gate of the 
gods, Uiey ascended fiom earth to heaven. 

A probable opinion is expressed in the works of Macrobius 
and Solinus ^ for the choice of the constellation Aries to mark 
the commencement of the zodiac : Uicse writers observe that 


* Macrob. comment* in S<Hnn. Scip. Lib. I. cap. 15. 

^ SoUnua, Polybiator. cap. 45. 
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the presence of the sun in Leo, being contemporaij with the 
summer season, in which all the productive powers of nature are 
displayed on the earth, was, on that account, imagined by the 
Egyptian priests to coincide with the birth, as it is called, of 
the universe ; but, at tlie rising of this constellation, Aries is in 
the mid-heaven, the vertex or summit, as it were, of the celes- 
tial sphere, and was therefore appropriately considered as the 
head or leader of the zodiacal constellations. 

The particular denominations assigned by the Egyptians and 
Greeks to some of tlie groups of stars have been found to pre- 
vail among the uncivilised natives of the western world. M. 
Bailly quoting the words of Pere Laffitcau, states tliat the 
Iroquois express the constellation Ursa Major by a word signi- 
fying a Bear ; he shews also, from Pere Souciet, that the people 
inhabiting the banks of the Amazon call the Hyades (in Taurus) 
by a name signifying the jaw of an ox ; and, from various 
authors, that the Galaxy is, by the Greeks, the Arabs, and the 
savages of America, designated a road ; the Chinese, alone, call 
it the celestial river. Tlie coincidences abqve mentioned may 
be accidental, but it is not impossible that some notions respect- 
ing the astronomy of the ancient world may have been conveyed 
across the Pacific Ocean by the Malayan or Mongolian tribes 
which, with great reason, are believed to have colonised, and for 
ages possessed the vast continent first made knoum to the rest 
of mankind by tlie genius and fortune of Columbus. 

As we purpose to exhibit a view of the progress made in the 
contemplation of the celestial bodies and their movements, it 
will not be thought irrelevant to the subject if we here notice 
the leading phenomena which were suj>posed to be the proxi- 
mate causes of the influence of the heavens upon tlie lives of 
men ; for we consider a knowledge of the human mind to be 
imperfectly attained unless its aberrations from, as w'ell as its 
direct advances in the path of science have been attentively 
studied. 

Those who have explained the rules for forming astrological 
judgments respecting the concerns of men, according to the 


Astronom. Ancienne EclalrciM. Hv. IX. fee. 1. 
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principles which Aey pretend to have been laid down by the 
Chaldeans, assert that the zodiacal constellations or signs are 
those which produce the most important effects ; that the sign 
which appears ascending above the horizon at the moment of the 
birth of a man, determines his character, profession and fortune, 
and that these are supposed to depend on the' qualities or uses of 
the animal wliich marks the ascending sign *". The extra-zo- 
diacal signs were also supposed to have influences of the same 
kind, and these were determined in like manner by their ascent 
above the horizon at the birth The zodiac was divided into 
twelve stations or mansions, and tliat occupied by the moon 
at the time of the birth of a man determined the duration of his 
life ; tlie number of years being different in the several man- 
sions The twelve zodiacal constellations were distinguished 
into such as were friendly and unfriendly ; and persons bom 
under tliosc of tlie former claims were supposed to live to- 
gether in })eace, wdiile those bom under the latter were imagined 
to be inclined to hostility**. The same constellations were also 
distinguished according to their aspects^ wdjich were determined 
by their angular distances from each other, and denominated 
fr/we, quariile and sextile^ according as the disVmces were one- 
third, onc-fourth, or one-sixth of tlie circumference of the zodiac ; 
the conjunctions and oppositions were also considered as posi- 
tions of considerable importance. By inscribing an equilateral 
tiiangle in the circle of the zodiac, having its angular points in 
the middle of three of the signs, a trigon was formed, and it is 
evident tliat there might be thus formed four different trigons 
whose angles would fall in all the twelve signs. To these tri- 
gons were given the names and qualities of the four elements : 
thus the first, formed by Aries, Leo, and Sagittarius, was called 
the trigon of fire ; the second, formed by Timms, Virgo, and 
Capricomus, was called the trigon of earth ; the third, formed by 
Gemini, libra, and Aquarius, was the trigon of air ; and the 
fourth, formed by Cancer, Scorpio, and Pisces, was the trigon of 
water. In like manner there might be formed three tetragons 

• Astronomioon, Lib. TV. ver. 122, etc. ** Ibid. Lib. V. ver. 39. 

• Ibid, Lib, III. ver. 568. * Ibid. Lib. II. ver. 56L 
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and two hexagons It would be loss of time to do more tlian 
name these frivolities ; we are astonished that they should ever 
have been the subject of serious consideration for a moment, and 
it is humiliating to reflect that they once entered into the creed 
of the learned, in Europe. 

The importance of the sun in serving as a measure of time 
more extensive than that afforded by the moon, must have be- 
come sensible when it was discovered that this luminary had a 
movement from west to east, as well as the latter, though with 
less apparent velocity, while it also partook of the general 
movement of the firmament from east to west : and though the 
observations of that motion could not be so easily made as in 
the former case because, while the sun is above the circle that 
bounds our view of the earth and heavens, the stars by which 
his movement is to be ascertained are rendered invisible from his 
own superior brilliancy ; nevertheless, an attentive consideration 
of the heavens a little before the rising and after the setting of 
the sun would soon shew the reality of this twofold movement. 
In order to detect the motion from west to east, it would be 
only necessary to take notice of some principal star, which, on 
any day, ascends above tlic horizon in or near the east, a short 
time before the sun, and to repeal the obsen alion after an in- 
terval of a few days : it will, then, be apparent that tlie distance 
between the sun and tliat star lias increased, so that the latter 
now ascends above the horizon a considerable time before the 
sun. Eitlier, then, the star has receded from the sun towards 
the west, or the latter has advanced towards the east during 
that time ; but, as tlic relative distances of the stars do not ap- 
pear to change, it would seem more probable that the observed 
motion was that of the sun. And if the stars which set soon 
after the sun were, on any night, obseiTed, it would be found, 
that, after a few nights, those stars would cease to be visible at 
sun-set, and others which, before, were situated more eastward 
than the former would occupy their places near the horizon ; a 
circumstance which also indicates a movement of the sun from 
west to east. 


Astronomicon, Lib. 11. ver. 270. 
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It is conceivable that such observations would, in the in&ncy 
of astronomy, be continued during long periods; and perhaps 
it would be found that, at the end of a certain time, suppose 
equal to the interval between two successive summers or winters, 
the sun„ having continued to advance towards the east, had ar- 
rived nearly in the same position as at first with respect to one 
fixed star ; and, thus, the length of the year might be found to 
depend upon a complete apparent revolution of the sun, in that 
manner, about the earth. Such observations of the rising and 
setting ol particular stars, neai* the sun, if continued during that 
time, would also serve to shew, \^dth accuracy sufficient for 
the purjioses ol Uie first observers, the direction of the ecliptic ; 
that is, ol Uie sun’s path in the heavens : thus it would be found 
lliat tliis route lay between the stars now marked a in tlie 
constellations Aries and Cetus : between Aldebaran and tlie 
Pleiades in the constellation Taunis, and so on, through the 
whole circuit. 

The want of precision in tlic obser\^ations of tlie heliacal 
risings and settings of stars, as tliose above alluded to were de- 
signated, would, however, afford a detennination of the length 
of the year too vague to be satisfactory even to a people but a 
little way advanced in the knowledge of the heavens ; and tlie 
observation ol another movement in the sun would lead to a 
means ol fixing its duration witliin more useful limits. It is 
evident, to the most superficial observ^er, that the sun, when in 
the middle of his diiimal course, is more elevated above the 
southern part of the horizon in one season than in another ; 
and the changes of elevation may be obser>^ed to produce cor- 
responding variations in the lengUis of tlie shadows cast by ter- 
restrial objects on tlie level surface of the ground. Hence 
W'ould, naturally, originate the idea of raising a gnomon or pillar, 
in a vertical position, fi-om a pavement rendered as horizontal as ,, 
possible ; that, by tlie vaiiable length of Uie shadow, might be 
indicated the changes in the altitude of the sun, the direction of 
his path in the heavens, the length of the year, and the division 
of the day into portions. 

'Die employment of a veitical pillar or gnomon for astrono- 
mical purposes, was probably general wherever the science was 
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cultivated not only in its infancy, but even for some time after 
graduated instruments had been constructed. Its invention may 
be asciibed to the Chaldeans, for Herodotus states ^ that the 
Greeks learned from them (the use of) the pole (oroxoi^) and gnomon 
[YmfAova)y and to divide the day into twelve parts ; yet it is right 
to observe that Delambre concaves the terms to signify only the 
hemisphere or sun-dial of Berosus*^. Be that as it may, we find 
the gnomon in use among the Greeks and Romans, the Hindus 
and Chinese ; and though no direct evidence now exists that 
the Chaldeans or Egyptians applied it to tlie purj^oso of finding 
the days of the greatest and least altitudes of the sun, yet it can 
scarcely be doubted that so simple a means of determining the 
length of the year must have presented itself to an agricultural 
people, to whom a knowledge of the returns of the seasons w*as 
of the highest importance. The pyramidal stone 1 30 feet long 
and 25 feet square at the base, which is said by Diodorus Si- 
culus ^ to have been, by order of Semiramis, hewn out of the 
mountains of Armenia, and set up in a consjDicuous part of the 
city of Babylon, is, by Maurice** suj)posed to have been the 
prototy})e of all succeeding obelisks, and used as a gnomon: 
and if any dependence can be placed on the assertions of Jose- 
phus, it wdll be evident that in Kgyjit, from a very early lime, 
the gnomon was in use as a sim-dial to shew the hours of 
the day ; for, in his reply to Apion ® he makes the latter say, 
that Moses was of Heliopolis, a city consecrated to tlie sun ; 
that he w-as skilled in tlie learning of the countiy", and that he 
had erected a column having, at the top, the figure of a man 
whose shadow moved wdth the sun ; and it is nearly certain that 
tlie dial of Ahaz alluded to in the Scriptures was an instrument 
of a like nature. The fact that the gnomon was used to divide 
the day, may be considered as a sufficient proof that, in the 
same part of the world, it was, also, made to serve for the above 
mentioned purpose. 

The obelisks constructed in Asia, and near the entrances of 
the Egyptian temples have also, by some persons, been 

Eiiterp6, Cap. 109. ** Histoirs ds TAstron. Tom. I. Additions. 

* Bibl. Hist. Lib. II, Cap. 1. « Appeudia to the Ruins of Babylon. * Lib. II. 
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considered as gnomons intended for one or both of these 
objects, and the opinion seems not destitute of probability, for 
Pliny observes* that obelisks were so called because they 
resemble the form of the solar beams; and that they were 
erected among every people distinguished by the worship of the 
sun, to whom they are believed to have been dedicated ; on this 
account they might, veiy appropriately, be made subservient 
to tlie detennination of time. Delambre’s objection that the 
forms of their summits are such as not to permit the extremity 
of the shadow to be accurately defined does not appear to be 
well founded ; since, at the time of their constmetion, or while 
the practice of using them subsisted, there might have been 
adapted to the up])er part of the obelisk, in order to gain *the 
end, a metallic rod, terminating in a point, or a small globe ; 
and wc are informed by Pliny that a ball was actually placed 
upon the obelisk erected by Manlius in the Campus Martins at 
Rome for the very purpose: or, lastly, as in later limes, a 
perforated plate might have crowned the summit, by which a 
distinct image of the sun would be formed on the horizoncal 
pavement ; and thus, the hour might be shewn, or the time of 
the solstice ascertained with as much precision as was then 
required. According to Pliny, the Alcxandiian obelisk, now 
denominated Cleopatra’s Needle, was erected by Mesphies, 
who is suj)poscd to have lived about 1700 years before Christ. 

On contemplating the daily state of the shadow cast by the 
gnomon at noon, an attentive observer would remark that about 
midwnter it remained, for a few’ days, apparently of one and 
the same lengUi; he would afterwards find that it began to 
diminish, at first by small decrements ; but the daily differences 
of length would soon become more perceptible, and it would be 
seen that these differences were tlie greatest at tlie commence- 
ment of die spring quarter of Uic year. '1 he absolute length of 
the shadow continuing to decrease, tlie daily decrements would 
subsequently be found to dimmish in an order exactly the re- 
verse of that which they followed in tlie previous quarter, and 
they would become insensible about midsummer w^hen it would 
seem as if tlie altitude of tlie sun at noon remained tlie same for 
* Nftt. Hist. Lib. XXXVI. cap. 8. 
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a few days ; and, hence, would arise the denominations of the 
summer and winter solstices, which have been applied to the 
points of the heavens occupied by the sun on the days of mid- 
summer and .midwinter. The daily lengths of the shadows 
w^oiild increase from midsummer to midwinter in precisely the 
same order as that in which the diminutions took place ; and a 
few repetitions of the obsen^ations of the days when the shadow 
was tile longest and the shortest would, probably, suffice to enable 
the ancient astronomers to assign three hundred and sixty -five 
days to the length of the year, or period betw'cen two successive 
arrivals of the sun at the same solstice. The difficulty of 
ascertaining the precise days on which the shadow was the 
greatest and least would, no doubt, be immediately felt, but a 
mean of several observed times must have given the length of 
the year coiTecdy, with respect to the number of complete days^ 
and greater acciuracy w as probably for a long time disregarded. 
The near coincidence of the day of midsummer, or of the least 
shadow of the gnomon, with the first appearance of a rise in the 
waters of the Nile, on which the fertility of the soil of Egypt 
depends, aiipears to have induced the people of that country to 
consider the epocli of the summer solstice as the commence- 
ment of one of the parts into which Uicy tiivided their agri- 
cultural year. 

The movements of the moon in the heavens would be found 
to resemble those of the sun, for slio has, as w e have already 
meiitioned, one motion from the west towards tlie east, and 
anotlicr, in common with all the celestial bodies, in the contraiy' 
direction; again, she attains on different nights, different 
elevations above the horizon, when in tlie middle of her noc- 
turnal course ; and it must have been soon observed that, within 
a period equal to, but not alw ays coincident with tliat wdiich 
elapses between one change and the follow^ing, her elevation 
varies by a gradual increase from the least to the greatest, and 
then decreases as gradually to the least. 
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CHAPTER IV. 

THE PRINCIPAL PHENOMENA OF THE SUN, 

MOON AND PL.1NETS. 

The planeto distinguished from the fixed stars. — Their names and symbols. 

— The visible movements of the inferior planets. — Observed periods of their 
deviation from the sun.— The superior planets are alternately in conjunction 
with, and in opposition to the sun.— Observed siciereal movements of the 
planets.— -Possibility that the modern planetary systems may have been 
imagined by the ancients. — The phenomena of eclipses observed— Effects (ff 
eclipses on the minds of men. — The cause of solar eclipses early known. — 
Uncertainty of the ancients respecting the cause of lunar eclipses. — The 
most ancient eclipses re<x)rded. — Probable nature of the early observations of 
eclipses— The apparent paths of the moon and planets, and the situation of 
theimion’s apsides recognised. — The comets were noticed by the Chaldeans. 

The practice of observing tlie heavens frequently in Egypt and 
Syria, countries which, as Plato observes in the dialogue 
Epinomis, enjoy, almost constantly, a serene and cloudless 
atmosphere, would in time permit the spectator to perceive that 
all tlie stars do not retain their relative distances unaltered: some 
of the principal stars would appear to be endowed with move- 
ments which resemble Uiose ol’ the sun and moon ; for while 
they partake of the general motion of the celestial sphere from 
east to west they, at certain limes, proceed with a different 
motion in the same, at otlier times in a contrary direction ; and, 
again, at various times, when in the middle of their nocturnal 
course, they may be seen differently elevated above the horizonf: 
lastly, there are certain periods when, for some days, they 
appear stationary in the heavens with relation to the other stars, 
though still pailaking of tlie general motion from east to west. 
It might further be observed that two of these wandering stars, 
or planets as they were called, had this peculiarity, that they 
were never seen beyond a certain angular distance from the sun : 
one of them, to which tlie name of Mercmy was given, would 
be visible only when near that luminary and for a short time 
after his setting or before his rising : the other, which was dis- 
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tinguished by the name of Venus, would exhibit similar pheno- 
mena, but would deviate further from tlie sun than Mercury ; it 
would, consequently, rise at an earlier, or continue visible in the 
west to a later hour. 

The other planets, Mars, Jupiter and Saturn which, as well 
as those last mentioned, were known from the earliest period of 
astronomical history, would appear to have greater ranges of 
motion, being sometimes seen near the sun and sometimes at a 
distance from him equal to the whole diameter of the visible 
heavens ; for they would frequently be seen rising in the east 
when that luminary was setting, or setting when he was rising. 
Jupiter and Venus from their superior brilliancy, W'hich pennits 
them to be visible when in the vicinity of the sun, w’^ere eaj-ly 
distinguished by the epithets of Lucifer and Hesperus, and re- 
ceived the denomination of morning or evening stars according 
as they were seen with the sun at his rising or setting. 

The names of the planets may have been given from some re- 
semblance imagined to exist between them and the attributes of 
the deities worsliippcd in the heathen world ; thus one planet, 
from its swift motion and vicinity to tlie sun, received the name 
of the Messenger of the Gods ; another, from the brilliancy of its 
light was denominated Venus, and a third, from its ficr}’ aspect 
received the appellation of the God of War, and so on. While 
tlie reveries of a degrading superstition prevailed among men, a 
child which happened to be bom at the time of the rising of any 
particular planet w^as considered as under the protection of the 
deity whose name it bore, and his disposition w^as supposed to 
resemble that of his patron-god. Tlic Jewish and Arabian 
WTiters of tlie mid<lle ages inform us that the Chaldeans gave to 
each planet a certain symbol denoting its quality ; as a hexagon 
to Saturn, a triangle to Jupiter, a square to the sun, and the 
like ; and the symbol of the Deity, tlie First Cause, or the Eternal 
Mind w^as a circle which, as we know from other authorities, 
was considered as the most perfect figure. We arc inform- 
ed also that fire, or tlie sun, was considered as a symbol of the 
First Cause, and that all these symbols were worshipped as repre- 
sentations of their prototypes: and we learn from the same 
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writers that the Chaldeans divided the heavens into what were 
called mansions ; assigning to each planet a mansion and the 
care of some species of beings on the earth. 

Accordin*^ to Plutarch% Pythagoras ascribed the figures of 
what are calle J the regular bodies to the four elements and the 
universe ; thus he is said to have made the cube represent the 
earth ; the pyramid, fire ; the octahedron, air ; the icosahedron, 
water, and the dodecahedron, the whole nature. M. Bailly** 
supposes tliese symbols to have originated in the idea that mate- 
rid substances are formed by ciystallisation and that the regular 
bodies have, respectively, the forms of the primitive crystals in 
each of the elements ; but it is more probable that the symbols, 
like those applied by the Chaldeans to the planets, were intend- 
ed to represent the comparative excellences of tlie different 
elements themselves, 'fhe opinion of a divine agency in die 
stars, which was, first, attributed to Uicm by the Chaldeans, pro- 
bably spread from die country occupied by this people, as a 
centre, into other parts of the East, and to Egypt ; from whence it 
was, in time, conveyed to Eiuropc, where, during the long period 
which preceded the birth of the modem philosophy, it almost 
universally prevailed. 

There cannot be a doubt that the movements of the planets, as 
far as they could be ascertained by the unassisted eye were, 
from the first, attentively studied; but since the variations of 
their apparent forms could not, without the aid of telescopes, be 
distinguished, the principal fact on which a knowledge of the 
nature of their real movements depends was wanting ; therefore 
if the ancients ever possessed that knowledge we are certain that 
tliey must have attained it by conjecture only. Yet enough 
could be observed, to have led them to the formation of an 
hypothesis concerning tl]ose motions similar to that which is 
now universally admitted ; and sundry passages in the works of 
ancient auUiors have been adduced to prove that such an hypo- 
thesis had not escaped the ingenuity of the Egj^ptian and Greek 
philosophers. Whether this were the case or not will be for ever 
uncerUiin, but to enable us to form a judgment of its possibility 


De Placitis, Lib. II. Cap. 2. 
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it will be necessary to shew what were the phenomena which 
might hare been obsen’^ed before any instniment was invented, 
and before any means were in use for kneasuring time except 
tliose afforded by the succession of days and nights. 

Perhaps the most striking phenomena of the planetary motions 
would be the limited deviations of Mercury and Venus from the 
sun ; repeated observations must have shei^ii that, from the re- 
spective times at whifti they first became visible near the rising 
sun, they recede from that luminary daily towards the south, to 
a certain extent ; then returning eastward they again rejoin it 
and cease to be seen on that side of the horizon. After being 
for several days invisible, each planet may bo seen to emerge 
from the light about tlie setting sun ; from which time it again 
continues daily to recede from that luminary towards the south 
till the deviation is equal to that which was obsen^cd on the 
eastern side of the horizon ; it is then found to return towjirds 
tlie west and, after being again concealed for some days in the 
solar light, it reappears before sunrise in thi^ cast, and the phe- 
nomena arc repeated in the same order as before. Tlie extent of 
the deviations of Venus must have been found U) be nearly twice 
as great as tliat of the delations of Mercur}’^ ; and the fbnner, if 
estimated by comparison with the circumference of a circle in 
the heavens, M'hose cenfre is at the eye of the spectator, would 
appear equal to about one-eighth of such circumference. At 
first, indeed, it might liavc been imagined that the star which 
appears near tlie sun in the morning is not the same as Oiat 
which is, afterwards, seen near him in the evening; but the 
regularity of tlic phenomena we have described must soon have 
led to a conviction of their identity. It is asserted, however, by 
Pliny * that Pythagoras, who learned the fact in Egypt, was tlie 
first to make it known to the Greeks. 

The times in which the deviations axe accom]>lishcd would be 
found to be variable, and they could not be estimated precisely 
because of the impossibility of observing the planets when veiy 
near tlie sun. But, as the interval between two consecutive 
appearances of Mercuiy in the east at sunrise might be found, 
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nearly, by taking a mean, from sev^sal observed times of such 
appearances, to be about 116 days; the time of that planet^s 
continuance on either side of the sun might be estimated at 
about 58 days. By a mean taken from several similar observa- 
tions, Venus might be found to continue on either side of the sun 
about 292 days. 

It must, also, have been observed that the time elapsed be- 
tween the conjunction of either planet wfth the sun, at rising, 
and his greatest subsequent deviation on that side of the 
heavens ; or that, between the greatest deviation on the other 
side and the next conjunction with the sun, at setting, is much 
less than the time elapsed between the conjunction and the 
greatest subsequent deviation on the western side, or Jhat 
between the greatest deviation and the following conjunction on 
the eastern side. With respect to the planet Mercury, the former 
time is about half ; and, with respect to Venus, about one-third 
of the latter time. 

Now the obsenx»d deviations of these planets from the sim so 
much resemble tlie apparent movements of a body revolving in a 
circular orbit about a central point, when seen by a spectator 
situated on the exterior of the circumference of such orbit, that it 
is difficult to imagine wliy the opinion of the revolution of these 
jdanets about the sun or, at least, about some point in a line 
drawn from tlie spectator through the sun, was not immediately 
and universally adopted. The only reason, perhaps, that can be 
given for the neglect to draw this simple and natural inference 
from the phenomena, lies in the difficulty which the ancients felt 
in conquering their prejudice in favour of the notion tliat the 
eartli was Urn most dense body in nature and, consequently, was 
that alone to which all tlie others w'ould tend to fall if not retained 
by being attached to a material shell concentric with, and en- 
tirely surrounding tlie earth. It would, indeed, appear from the 
language of Macrobius" that the ancient Egyptians held the 
opinion that Mercury and Venus moved about the sun ; but we 
are quite ignorant in what sense the expression is to be taken, 
and it is probable tliat it only refers to the apparent vibration of 
those planets on each side of the luminary. 

• In Somn. Sdp. Lib. I. 
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The periodical movemeals accompliahed fty tibte plq;i^s Mara, 
Jupiter and Saturn with respect to the sun differ consjiderahljr 
from those just mentioned. The time observed to elapse be- 
tween a conjunction of Mars with the sun and the next following' 
opposition ; that is, the interval between his appearance near 
the sun at rising or setting, and the time at which Jie is seen to 
rise ivhen the sun sets, or the contrary, would be found to be 
about 390 days, a nearly equal time would wppear to elapse 
between the opposition and the next following conjunction, and 
the interval between tlie tw'o following conjunctions or opposi- 
tions of Mars and the sun might be obsen ed to be about 780 
days. The interval between a conjunction and tlie next follow- 
ing opposition of Jupiter and the sun might ajjpear to be about 
199 days; of Saturn and the sun, about 189 days; and the 
inten^al betw^een two conjunctions or two oj)positions of Jupiter 
and Saturn would appear to be equal to about 398 days, and 378 
days respectively. 

To the observations of the abovementioned synodical geocen- 
tric motions, must be added those of the sidereal geocentric 
motions of the planets, which consist in mai>king tlie time elapsed 
between two successive conjunctions witli, or near appulscs of 
each planet to any fixed star ; tlicse conjunctions could also bo 
distinguished, without instruments, wdth some precision; and 
taking the mean times deduced from several observations of each 
planet, it might be found that Mercury and Venus accomplished 
one revolution in the lieavens from any fixed star to the same, 
in about one year; Mars, in 087 days; Juj)iter, in 4332|^ days; 
and Saturn, in 10759 days. These revolutions appear to have 
seiv'ed as the |)rincipal guides in the formation of Uie earliest 
systems invciited to account for the phenomena of planetary 
movement 

In addition to what has been shewn above, it must be stated 
that all the planets were early discovered to be occasionally 
stationary among the fixed stars ; and that, at these times, their 
motions changed from the previous direction to the contrary ; 
but the first observations of these phenomena must have been 
very imperfect, and, till instruments were used for ascertaining the 
places of celestial bodies with considerable precision, it is pro- 
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the times and arcs of riie direct movemei^ 
TiMae ^ the motions of the planets were, however, 

pm^des^ to be of great importance in the system of the 
considerable efforts were then made to determine 
them with accufagy* 

As we have shewn that an attentive consideration of the 
movements observed in the inferior planets, Venus and Mercury, 
ought to have led to the opinion that the sun and not the earth 
was the centre of their revolutions ; and as the apparent move- 
ments of sujKsrior planets, Mars, Jupiter, and Saturn, with 
respect to the sun, consist also in a deviation from, and a 
subsequent approach to that luminary; tliis circumstance, 
together with the opinion, then entertained, of the simplicity of 
nature's laws, might have induced the ancient astronomers to 
conclude that the latter phinets revolved about the sun Hhe the 
others, wiUi this difference only, that since they are occasionaliy 
seen in opposition to the sim, their orbits should include the 
earth. An argument of •this kind must have induenced the 
philosophers of the school of Pythagoras who, besides, appear 
to have elevated Uieir minds to the conception of the mobility 
of the earth, and thus, to have arrived^at a system of the 
universe exhibiting the principal features of that promulgated 
in later times by Copeniicus; and we can, with difficulty, 
imagine lliat a system formed by deductions so easily made, 
could have been first brought to light in an age so late as that 
of the Samian philosopher. If we leave out the hypothesis of 
the eartli’s motion, the observed phenomena should have led to 
the invention of a system very similar to that of Tycho Brahe, 
and it is not unreasonable to believe tliat tliis has a claim to an 
gntiquity even higher tlian that of the system ascribed to 
I^thagoras. 

To complete 4he account of the phenomena which were the 
subjects of the more ancient obsen^ations, there remain to be 
mentioned the sudden but temporary^ deprivations of light whidi 
the sun and moon occasionally experience : these, indeed, may 

F 
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liaise hmn almoBt tbe fiing appearioiee^.i^^ 

axciled the attention mm, and thc^gh many parson^ eren then 

inig^t have considered them as effects resnhiBg fir^ the general 

laws of nature, yet the far greater portion of niahldiid looked 

upon them as objects of terror, as tokens of Dijjme 

and as foreboding tbe heaviest calamities* 

It can produce in us no surprise that the most fearlid en^otions 
should have been excited by the first appeanifce of an eclipse 
of the moon or sun: at one moment might be seen the fair 
' luminary of night, smling majestically through the skies and 
diffusing the mild radiance of her enlightened orb over the 
terrestrial scene, or her silvery image reflected from the unruffled 
bosom of tbe waters; aird then, while perhaps not a cloud 
appeared, to afford a cause for any change in the as^et of the 
heavens, a dark veil might be perceived gradually extending 
itself over the moon, and reducing her splendid disc, till the 
whole became covered with the mournful shade; it majf^ 
therefore, be easily imagined that, during tbe continuance of 
this obscuration, an untutored mind might be filled with tbe 
apprehension either that some monster was devouring the fidr 
object which used to cheer his nights, or that the vengeance of 
an angry deity was about to burst upon and overa'^belm him. 
That such fears wpre felt we may be convinced by the effects 
which a lunar eclipse is known to produce in the minds of 
uncivilized people at tbe present time ; and we cannot M'onder 
thati accordingly as men were affected, some should have 
recourse to such means as they thought capable of thriving 
away the devouring monster, while others should seek to 
deprecate Uie dreaded vengeance, by offering sacrifices which 
they might hope would be acceptable, by humbling themselves 
in prayer, till, tbe veil being removed, the queen of heaven 
recovered her wonted brilliancy. 

But if tbe obscuration of the moon could create such alams, 
when first observed, we may conclude that those excited by the 
deprivation of the sun’s light, in consequence of a total edipse 
of that luminaiy must have been &r greater. For while the 
blazing orb was shedding a flood of glory over the face of 
nature there might be seen, without any perceptible cause, an 
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a portion wina cat'oiit ; and tbia wotild gttdnaSjr incro^ ifiasO . 
^ the whoki iMMfy* of tho gnn beeatao ftrrifidblet it be 
conoeired tbat then, t3ie moat gloom;p' apprehenaiotiit might 
posaeaidOti of iho hmnan ndnd, smee even the bttfte creafioki 
seems, on the occurrence of this phenomenon, conscious of some 
interruption of the usual course of nature. A total dsurkness 
succeeds to the splendour which a short time before adorned the 
face of the earth ; the stars malce their appearance; a sense of 
coldness preirails instead of a fervent heat; the heasts seek 
their retreats ; the feathered tribes which during the day enchant 
the ear by tlie harmony of their notes, give place to the birds of 
night, might seem tliat the next event to be expected by 
trembling mortals k, that they shall be involved in the destruction 
which seems to impend over the earth itself. Bui after a few 
minutes the sun again appears and his light clothes the fields 
^th new glories. At first a golden thread is seen which, by 
degrees, increases in size till, after some hourss, the orb attains 
the same circular form which it before possessed ; it then finishes 
its daily course through the firmament and all the phenomena 
of nature are again repeated in their accustomed order. 

Though total eclipses of the sun seldom happen, yet any 
partial deprivation of his light must have seriously affected the 
minds of those who first witnessed it ; and though the repetition 
of an eclipse may have been* observed with diminished appre- 
hensions of immediate danger, yet the calamities to which the 
human, race is subject are so numerous that eclipses would 
unavoidably coincide with the occurrences of many disasters, 
and a connection might easily be conceived to exist between 
the celestial phenomena and those evils, so that the former 
might, before the laws of nature were well understood, be taken 
as presages of the latter. It is, therefore, to be expected thi^ 
such appearances should be regarded with fear and wonder; 
and, accordingly, history relates several remarkable effects whieh 
have been produced in consequence of the surprise or teiYor 
they excited in the minds of ill informed and superstitious men. 
Thus the solar eclipse which had been predicted by Thales wte 
the cause of a peace betvrew flie Medes and Lydianis at 
„ ^ ^ f2 • 



08 


THB psn^iPAL FBSuoiiimA air the 




moment wben the amdes of tho tvro Mticms wese Orawn 
against each other, and were jn^epared to mix in deac&y strife * : 
and the lunar eclipse which happened during the expedition' of 
the Athenians to Sicily induced the Grecian general^ feom 
religious motives, to dday his retreat from Syracuse tiU it was 
too late to save his army 

The solar eclipses occurring within the few days which 
elapse between the disappearance of the moon in the east, near 
the time of sun-rise, and her reappearance in the west, soon 
after sun-s£t, must have presently led to the opinion that the 
deprivation of the light of the sun was caused by the intervention 
of the moon ; it being easy to conceive that, in this interval, at 
the commencement of which she was seen to be approaching 
the sun and at the end of which she was receding from him, she 
might pass between the sun and earth, and thus produce an 
eclipse of the solar light. The lunar eclipses, also, occurring at 
the times of full moon, when this celestial body is, with respect 
to the egrth, diametrically opposed to the sun, must have been, 
by the more attentive obsen’’ers of nature, from the first, ascribed 
to the passage of the moon through the shadow cast by the 
earth ; and such explanations do, in fact, occur in almost every 
ancient writing containing descriptions of astronomical phe- 
nomena. Luna autem, qua) cst, ut ostendunt mathematici, 
major quam dipidia pars terrac, iisdem spatiis vagatur, quibus 
sol: sed turn congrediciis cum sole, turn (ligrediens, et earn 
lucem quam a sole accepit, mittit in terras ct varias ipsa 
mutationes lucis habet : atque etiam turn subjecta atque opposita 
soli, radios ejus et lumen obscurat; turn ipsa incidens in 
umbram terrsB cum est c regione solis inierposita inteijectuque 
terrae, repents deficit 

But the opinions of the ancients concerning the nature of 
eclipses of the moon do not appear to have been completely 
fixed till £d>out the time of Aristotle. Diogenes Laertius ^ has 
asserted that the Egyptians were aware of the fact that the moon 
is eclipsed by passing through the earth’s shadow, and Diodorus 


• He«)dotii8, CKo, Cap. 74. Plutiurch, IMt af NIdas. 

• Cicero, De Natara Peorcim, Lib. IL eeot. 40. ** In Proenm. 
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Sieiihis obBeares • that the €b|ddeaii8 agtee with thi Grfeakis in 
ascribing the phehomenon to the same cause ; but it is pxobable 
that these assertions only apply to the people who lived in or 
ne^ the' age of those writers ; for thou^ Pythagoras, as both 
Laalius and Hutarch assert^, knew that the moon received 
her light from the, sun, and that she was eclipsed when that 
light was intercepted by the earth, yet the latter, in his life of 
Nicias, states that the reason why the Athenians exiled Pro- 
tagoras and imprisoned Anaxagoras, both of whom attributed 
the eclipses of the moon to the earth's shadow, was, that they 
considered it impious to suppose a celestial and divine body, 
like tlie moon, capable of being affected by this less noble part 
of the universe ; a proof that, whatever might have been .the 
judgments formed by tlie learned in tliose days concerning the 
celestial phenomena, they were unsupported by argument, or at 
least, tliat the reasons were unheeded or ill understood by the 
generality of tlie people; even the opinion that the moon 
receives her light from the sun does not appear to hav^e been 
universally acknowledged, though the variations of her apparent 
form w'ould seem to prove the fact to any one who should 
observe those variations with the least attention; and we shall find 
that there were some who, like the ancient Hindus thought it 
necessary to suppose the existence of an eighth planet in order 
to account for the occurrence of eclipses. The obscuration of 
the moon at a time when both the luminaries are above the 
horizon, on^ opposite sides of the spectator, is a phenomenon 
wliich has been occasionally observed, and we find mention 
made of eclipses in such circumstances by Pliny, in his Natural 
History**. Now it is impossible to doubt that they were 
observe^} long before his days and, as they must have been 
thought to militate against the notion that eclipses of the moon 
were always caused by the shadow of the earth, they may have 
tended for a long time to produce that embarrassment in the 
minds of men concerning the cause of eclipses, which prevented 
the opinions of philospphers, however reasonable, from being 
gener^y admitted. Subsequently, the portibular phenomenon 

* BiM. Hist. Lib. II. ^ BibL Hist. Lib. VlXl. De Placitit Philos^ 

* Asiatic Researches, Vol. XII. Lib. IL cap. 10. 
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tUboYe me&tbQed received m eE^plwatioa mhuh i$ nBtKAy^ coitraet ; 
for Cleomedes, spealdng of an eelipae oi this ni^iire wliich waa 
$aid to have at cue time occurred ; tbmigh he fueem to insider 
the &ct doubtful, yet admits the possibility th^ the sun cxr 
moon, when undm- the horizmi, may appear to us to be above ; 
mnce there may be found, be says, to proceed from theejfef T&fS 
of light, which being broken in the humiS attnospbere may 
folbw the luminary and cause it to be semi ; adding t^t Eoany 
such phenomena may be observed, particularly on gr near the 
sea: to illustrate his meaning he states, and the eEpmiment 
may be considered as the first of which any account h^ been 
transmitted to us concerning the refraction of light, that if, in an 
empty vase, a ling of gold be put, in such a situation as to be 
concealed from the spectator, the same will become visible on 
filling the vase with water From the time of this writer we 
hear but of one opinion concerning the general cause of the 
eclipses of the sun and moon. 

The phenomena just mentioned have always been thought 
worthy of the most attentive observation; and probably, frpm 
the first ages, tliey were registered as historical evetats. We 
learn that such registers were actually kept by the Chaldeans 
and it cannot be doubted that, by a comparison of the times at 
which the eclipses happened, ceitain cycles or periods of their 
recurrence were discovered by which tliey might be foretold. 
The occultatioii of stars or planets by the moon, or even the 
approach of the moon or of a planet to any star, would also be a 
phenomenon likely to excite the notice of the most ancient 
observers, not only ^om the rarity of its occurrence, but also, 
because it would afford the best means known, before instruments 
were invented, of ascertaining the precise paths of the n^on and 
planets in their revolutions through the heavens. 

Simplicius, in his Commcntaiy on tlie second book of Aristotle^s 
work De Ccelo, relates, on the authority of Porphyry, that after 
the conquefi^ of Babylon by Alexander, Callisthenes sent to 
Aristotle a catalogue of eclipses said to have been observed at 
that place daring a period of 1903 years previously ; and this 


■ De Mundoj Lib. II. sect. De lunss defectu* 
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toectiau -^ to College of Fkie^ at&tod to to len^f^ 
from to J|w>efa of its establishmeat The eatali^e nsost 
hawB, bto to^«Qce lost, but Ptoloa^ tohes. menticm six 
Chaldean eeUpses wfalhh seem to have been taken from it, and 
her emploj^ l>>a astronomical wokk for to purpose of 

tfonectmg tbelnyls of to moon’s mean motions ; to oldest of 
these^^werer^ are said by him to have been observed as lato 
as the 720 and 719 Before Christ; and La Place* remarks 
fiialrir he hid possessed any of more ancient date, on whose 
precision he could rely, he would, certainly, have used them in 
deti^iining those^elements. As Ptolemy does not expressly 
mention that catalogue some doubts have been entertained of 
the reality of its existence ; but the silence of the Alexandrian 
astronomer cannot be considered as of any weight in disproving 
the fact ; for, not to mention the argument before drawn from 
the probable value of the period of 720,000 years mentioned by 
Epjgenes, wo shall find, in speaking of the astronomy of the 
G^eks, that tlie elements of the solar and lunar motions had 
been ascertained with great precision long before any observations 
are known to have been made by that people; and we shall, 
consequently, be comjielled to admit that they must have been 
obtained from materials collected by persons who cultivated the 
science while it was yet unknown in Europe, and therefore, with 
very great probability, from registers which had been kept by 
the Chaldeans or Egj^ptiaus. From a passage in Diodorus 
Siculus**, it appears that the explanation given by the former of 
these people, of the eclipses of the sun, was so defective, 
perhaps from their ignomnee of the parallaxes, that they had it 
not in jtheir power to predict them ; but, as he contrasts the 
imperfection of their science in this respect with their knowledge 
of the lunar eclipses, it is reasonable to infer that they had 
methods of determining, by computation, the times at wMeh 
the latter would occur, and were enabled to announce them 
before hand with some degree of certainty. 

From the use which, by the ancient Greek astronomers, mm 


* Exposition du syst^me du mondo, page SO. 


^ Bibl. HUt. Uh, Ih 
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iwmia of tl^i^cdipses of tllO BUD Blld OIOOB, 
been i^corded in the Chaldean registers, it is 
that the latter contained notices of the times ofSj^ 
extent of the obscuratfon ; whether the sfaadBiii^p^^ 
a])})eared on the upper or lower limb of ftie disc ; 
of tlie darkness, and tlie place of the moon by hej 
neighbourhood of some remarkable star. mfm th^'afludjimer 
in which Ptolemy describes those he has employed, 
likely Uiat the observations were made any otlierwiye^mlui i»y 
the naked eye ; for, in speaking of the quantity, hi merfl^IjiSfe 
that one half or one third of the moon's diameter was eclipsiAd^^ 
the distance of the moon from a star is expressed in semidiamcteiS 
of the former, and the lime is given in hours and fractions not 
less than a quarter. Aristotle mentions* an occultatiun of Mars 
by the moon, saying tlic planet entered upon the obscure, and 
emerged from die lucid side ; and he informs us, in tlie same 
place, that like observations had been made by the Egyptians 
and Babylonians who, he goes on to observe, had for manj^ 
years apjilicd themselves to tlie study of the heavens, and tfgm 
whom tliey, Uic (ireeks, had .received many important com- 
munications concerning the celestial phenomena. Simplicius 
also, in his coininentary on the first book, relates tliat the 
Egyptians and Babylonians pretend to have collected observ- 
ations on die stars for not less than five diousand years before 
his time, but lie admits that the coUecdon did not contain any 
thing more than was then well known concerning their mag- 
nitudes, colours or motions. In fact, the most ancient observ- 
ation, now on record, of a planet is an occultation of Saturn 
which is said by Ptolemy^ to have been made in the year 228 
before Christ : though we cannot doubt that many such observ- 
ations, made in times far more remote, must Iiave once existed. 

The greatest elevation wliich the moon is found to .attain, 
above die horuson, may be observed to exceed the greatest 
elevation of the sun, and her least elevation to be less than ihe 
least of his ; hence a sagacious observer might conclude that the 
path of the moon in her monthly circuit of the heavens was 
oblique to that of the suu iu liis annual revolution, crossing it in 
* l>e Coilo, Lib. II. Cap. 12. b Alma^^mt, Lib. XI. 
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ibese two points migltt bo aSoertained, ap^xi- 
‘ ’^‘^^^^i^ilSflexvmg Uie stars which happen to be near the 
' *aie^ ^».ti^4hen she is centrally e^bps^ and the place of 
next fdllowing eclipse ; for the sun, moon, and 
' OK& B<une right line in both these cases, the two 

fonne*''iuusblte* af the intersection of each other’s paths ; and 
tliti^|si|^sectiq|is, or nodes, would be found to be diametrically 
Opposed do each other in the heavens. The places of the 
'VMS conifiared with tbosc of tlie moon when in their neigh- 
* 4]f>urhood can be conceived to have afforded the means of dis- 

w j ^ ffn 

'languishing the positions of their apparent paths, and it would 
be found that they all keep witliin a small extent, in latitude, on 
either side of tlic circle representing the sun^s annual path ; and, 
in fact, tho breadth assigned to the zodiacal constellations com- 
prehends the traces of all tho circles which the planets appear 
to describe in the celestial sphere. 

^t must have been impossible, without instruments for 
lyeasuTing the extent of celestial arcs, to have ascertained, 
directly, that Uic moon describes her monthly circuit in the 
heavens with a variable velocity ; yet a register of the phenomena 
of solar and lunar eclipses* kept during a long time, may have 
led the ancient astronomers to a knowledge of this fact ; and, 
indeed, the notices which, at an early period of astronomical 
history, are given of tho jdaccs where the moon’s motion is the 
slowest and t^e quickest, shew that tliis important element*had 
not escaped observation. By consulting such a register it 
might easily be perceived that, in tlie central or total edipses, 
the duration of the passage of the moon over tho sun, or of the 
shadow over the moon, was \ ariable ; and consequently that the 
velocity of the latter, licrsclf, was also variable. Then, if the 
placea of the moon, taken when the duration of the eclipse was 
the longest and the shortest, were compared, it might be found 
that they were nearly diametrically opposed to each other in the 
heavens ; a line supposed to join those points is that which was, 
afterwards, denominated die line of the apsides, and its position 
might have been, thus, ascertained. The opinion that the real 
velocity of any celcbUal body uas uniform, being universally 
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€xitBrta^^%Q9oiig th^ ancie&tiiy wlicii ihe eo6c|llfcilcl^ of. &6 
moon's orbit became a received bjpotboBts^i?i^ali1^Ei^ 
tbe apparent variation of her veloeitjr depenried'^ ji^r^fibi^^ 
distances from tbe earth : hence the ^points of ttod gi^test 
velocity of the luminary were supposed to coinoide^iiHiih those 
of her greatest and least distances, respeetivdii^ ^f"^ which the 
former was denominated the apogeum, lattinr, the 

perigeum. The like points in the circumferen^ of 
trie circle or orbit were, also, so called ; and the aiigtld^ dis- 
tance of the moon or of a planet from either, when ^Sen fr^^tmlhe 
earth, was called the anomaly. « 

To conclude our account of the state of astronomy among the 
Chaldeans we may observe that this people appear to have 
noticed from the earliest times some of the comets ; those re- 
markable strangers wMch so frequently come within sight of the 
inhabitants of the earth : but the notions entertained concerning 
them are only to be learned from what has been related by 
Seneca. This philosopher*^ after remarking that neither Eudoxus 
nor Conon, both of whom, he says, had diligently studied t^e 
astronomy of the Egyptians and had collected such accounts of 
eclipses as had been preserved by tliat people, makes any 
mention of comets ; concludes, froiji thence, that the Egyptians 
had not cultivaicd that part of astronomy whieh relates to their 
appearances; and then goes on to state that tliere were two 
persons, Epigenes and Apollonius of Myndus, who had studied 
among the Chaldeans, and who do speak of comely, though they 
differ in the accoimts they give of the opinions of that people 
concerning them ; the former alleging that they were considexed 
as bodies kindled in the air, and the latter, that Uiey were of the 
number of planets or wandering stars. This last opinion 
coincides remarkably with that which is now universally ad- 
mitted by astronomers, and, though it could hardly hav# been 
expected from the people of that early age, yet it is not im- 
possible that an attentive observer might have been led to form 
such an hypothesis from a contemplation of the apparent motions 
of those bodies which, in some respects, resemble the motions 
of the planets. But when Apollonius ass^ that the Chaldeans 
* Nat. Queeat. Lib. III. cap. 7* 
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koewtbe coQi|»a.(^ tjhe eomete, aod DMonis Sleolik*, lihril 
9une peopie c^vild* focetel their rii^ga, or the times when |Iie;f 
would become yisiUe, itie evidrat tfaet they gd too hoy siace^ 
except in a feuf cases, this is more tim can be.done bj the 
mathematicians of thepresmit day. 

It is remarhable that there is not a word kt Btoloay ooncem- 
ing comets ; and \his silence makes it probable that, whatever 
notions the' Chaldeans may have fonned of them, no account of 
any observation made by that people to determine their elements^ 
was ii^ existence in the time of that astronomer** But the 
philosophers of the Greek schools, whose chief talent lay in 
xeasonmg concerning the probable causes of natural phenomena, 
do not seem to have neglected the formation of hypothecs 
relating to the nature of those bodies ; for Aristotle asserts^ that 
Anaxagoras and Democritus considered the comets to be prow 
duced by the conjunctions of n^my stars or planets in clusters ; 
and Seneca informs us^ tliat Zeno maintained the same opinion; 
an idea which is not unnatural, since the body of a comet 
fr^i^uently bears a resemblance to some of the nebulous spots in 
the heavens, and these have, by modem astronomers, been con- 
ceived to be formed by an attraction of vast numbers of stars 
towards the centre of the mass. 

But it seems that the opinion of Zeno was contested by some 
of the philosophers of that day who alleged that the known 
planets were not sufficient in number to constitute all the comets 
which had been seen ; this engages Artemidorus to assert**, in 
support of the ancient opinion, and in accordance with an idea 
attributed to Democritus, that the number of planets was un- 
known, and that there may be an infinity of them which, on 
account of the positions of their circles [orbits] become ap- 
parent to us, only while they ^.ribing a certain part of 

their course ; a conception w hich, ^i^derstood of the comets 
themsdves, is very creditable to the sagacity of that philosopher, 
however he may have merited the censure of Seneca for his 
notions concerning the constitution of the um verse. That the 
sentiments of some of the ancients regardmg comets were much 

• Bibl. Hiftt. Lib. IT. Meteor, cap. XVI. 

" Nat. Quwst. Lib. VU. rap* 13. ^ Seneca, ubi Hwp. 
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iBOTe ratiodal than those subsequenity entertained maj be 
inferred from a passage in Aristotle* where it is^ said that ihe 
Pythagoreans held a comet to be nothing more than a planet, 
which reappears after a long interval, and which, at the vertex 
of the curve it describes, approaches as near the sun as is the 
planet Mercury : Olympiodohis, on the other hand, in his scholia 
on the work above quoted, at nearly one thousand years after the 
time of Pythagoras, considering a comet as the origin of the 
Fable of Phaeton, observes that this personage is said to be the 
offspring of the sun because a comet is a sublunary body con- 
sisting of dry vapours set on fire by that luminary ; his driving 
through the heavens in the chariot of the sun is made an emblem 
of the [diurnal] motion of a comet, and his destruction by 
Jupiter is supposed to indicate that a comet is ultimately ex- 
tinguished by the moist vapours of the earth. In the writings 
of the ancients we find no hint, and this circumstance is worthy 
of observation, that these strange visitants then inspired any of 
tlie terror with which, from an opinion that they were the 
harbingers of evil to the human race, they were viewed by the ’ 
eye of superstition. The opinion was extensively entertainod 
in Europe before tlie revival of sound philosophy ; but, liappily, 
it has now passed away witli many oilier dreams of ignorance ; 
and the discoveries of Halley and Newton have shewn that 
comets are of the same nature, and subject to the same laws, as 
the other planctaiy bodies of the system to which we belong. 


* Meteor. Lib. 1. 



Vi]' ' ' ;,: :.0 


CHAPTER V. 

DIVISIONS OF THE CELEStUL 8PHEBE. , 

The ancient manner of eidmatlxig the vUihle diftamsei of the itam from 
each other/and the visible diameter of the sun.*— Manner of dividing the 
ediptic.— The lunar mansions^ — Determination of the ocdureB.-^The extent 
of the sun's movement northward and southward*** Manner of dividing the 
circumference of a drde.— The drcles of the celestial sphere imagined#-* 
Division of the year into months and weeks. — Division of the day Into 
hours.— Difference between the temporary and equinoctial hours*— ; Ad- 
vantages of redudng astronomical phenomena to a system.— The hypothesis 
of material spheres* — The planetary orbits supposed to be drcular and 
eccentric.— .Ignorance of the andeiits respecting the distances of the planets 
from the earth* 

In estimating by the eye the sihall distances of stars or planets 
from each otheri and from the moon at the times of the 
appulses, the ancient astronomers, besides comparing those dis- 
tances with the visible diameter of the moon, referred sometimes 
to the measures of length in ordinary use ; thus Aratus, wanting 
to express tlie distance of a cerbiin star from the nebula in 
Cancer, says it is about equal to a pygon, or cubit*. Now this 
distance, as is observed by Delambre, is known to be equal to 
S*' W ; therefore what was called a cubit in the heavens may be 
considered as equivalent to that quantity. This mode of de- 
signating such spaces appears to have been occasionally em- 
ployed even after instruments were invented, at least where 
great accuracy was not attempted, for we find the same ex- 
pression in the works of the Arabian writers of the middle 
ages. 

Macrobius, in his commentary on the Dream of Scipio**, ex- 
plains a method supposed to have been used by the Egyptians 
for measuring the angular diameter of the sun, which, firom its 
simplicity, is likely to have been very early put in practice: he 
says they observed on the day of the equinox the direction 
assumed by the shadow of the gnomon of an equatorial dial at 
* Phenomena* ** Dib. I. cap* 20. 
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the mcmant the upper of the «nm appeared above the 
horizon, and again its direction wheti the lower edge becaim 
idrible ; then, the angle between these lines, which is that sub* 
tended by the diameter of the son, smee the * a{^aieat diurnal 
^ movement of the luminary is then in the plane of the equator, 
being compared with the angle made by two shadows of the 
gnomon at an interval of one hour [15 degrees], gave the 
measure of the sun’s visible diameter. 'Ihe method is, however, 
very defective because of the errors produced by refraction ; the 
faintness of the shadow cast when the sun is in the plane of the 
dial, and the obliquity with which the sun ascends above the 
horizon ; therefore it is not wonderful that the Eg3rptian8 should 
have made the ^ameter, by such means, three times as great as 
it really is. According to Clcomedes*, they succeeded better 
with the clepsydra, which he says they employed in the 
following manner : on the day of the equinox they measured the 
quantity of water which flowed during the rising of the surfs 
disc and compared it with that which flowed during a whole 
day ; and the proportion of the latter to the former was con- 
sidered the same as that of the circumference of a circle to the 
arc which subtends the angular diameter of the sun. The first 
quantity of water is said to have been between ffTr^h and 
of the other, and, dividing 360 degrees by these denominators, 
we find that the corresponding measures of the visible diameter 
of the sun are equal to 30' 52® and 28' 48% which are very near 
the truth, considering the means employed to determine them. 
The possibility of ascertaining with so much precision the pro- 
portion between the quantities of water flowing from the 
machine is, however, doubtful ; though it is probable that the 
method above described is the "only one which would be em- 
ployed before instruments for the direct measurement of the 
sun’s diameter were invented ; and we have no account of any 
instrument for the latter purpose earlier than the time of 
Ar(fliimedes. 

Of the magnitudes of the celestial bodies it can haidly be 
expected that any thing like an approximation to the truth 
should have been obtained in the times of which we are spealt- 
* De Alundo, lib. 11. eap* t. 
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inf. Flato^in ibe^Ejnnomis^ makes cm of tlie npsfitm state 
.thatifaeplaiiets Wbeetfdfimo&stratedtobeofTast siz^ firom 
wlkiclv aad^^m tiSe times they employ in perfbming their le- 
ipoluiiims,* lie tales occasion to infer that the Deity is the cause 
of their motions : Lucretius, on the other hand, in the true spirit 
of scepticis^ and because the determinations of the ancients are 
uncertain, assjerts that the heavenly bodies are, in reahty, no 
lar^ than they appear, to the eye, to be. A method which 
e^Omot but appear to us as singularly absurd is proposed by 
Ciebmedcs* for ascertaining the diameter of the sun, and con* 
siste IP making a horse run upon a level plane £rpm the moment 
■llie upper limb of the sun appears in the horizon till the whole 
dittc is above it ; the space the horse is supposed to describe in 
that time is estimated at ten stadia, and it is inferred, (wlucli, 
however, implies that the sun is in contact with the earth,) that, 
if the motion of the earth were equal to that of the horse, the 
diameter of the sun would be equal to ten stadia. It is further 
stated, but we know not on what ground, that the Eg3rptians 
considered the diameter of Saturn to b® double that of the 
moon, and the diameter of the sun to be half the sum of the other 
two diameters. 

Tlie necessity of indicating the paths of the son, moon and 
planets must have led very eariy to an effort at dividing the 
zone or band of the heavens, within which their movements are 
performed, into a certain number of equal parts, in order to as- 
sign the places of those bodies, at any given time, with more 
precision than could be obtained by simply naming the con- 
stellation they then occupied ; this must have been a wmrk of 
great difficulty before instruments for measuring angles were 
invented, but we have proofs that the Chaldeans, Egyptians 
and Hindus had attempted so to divide that zone ; and, from a 
coincidence in the nature of the divisions, if we leave out the 
improbable statement of Servius that the Chaldeans divided the 
zodiac into eleven parts, it appears that the principle which 
guided aU these people was the same. Sextus Empiricus as- 
seits, in his treatise Adversus Mathemat. that; the Chaldeans 
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divided the xodiac into tnrelve parts l^meang^of n4ile|MajdW| ^ '«; 
the fiiDowing manner; thqr measardi^ the 
wUch flowed flrom the madune in the int 
snccessire risings of some one star aituatad 
ecliptic ; then, at the rising of the same star on 
night, thejr unclosed the orifice, and the zodi 
appeared in the horizon when one-twdfth of the i|j3eT 
off, indicated that one complete sign had risen ; and, 
ation being repeated, the particular stars which terminate ail^. 
of the twdve divisioiu were fuimd. But to avoid the diSim 
arising from tbe irregular flowing of tlie water firom th^j^clbp^? 
sydra, the following method of approximating to an equal di^ 
vision of tlie zodiac has been proposed, and it is conceiva|)e 
that it may have been pul in practice by an ingenious people im 
the infancy of science. About an hour after sun-set, on any 
day, let a star be observed in the horizon near the place where 
the sun has disappeared ; and if, at tlie same moment, a star 
should appear to be rising at a point in tlic horizon diame- 
trically opposite to that occupied by the other star, these two 
stars will be in or near the ecliptic. Then, in about-tliirty days 
from this time, that is at the end of about one-twelflli part of 
the year, let the like phenomena be observed for two other stars; 
and the interval between the two which set near the sun, or be- 
tween those which wore ascending on the opposite side of the 
horizon, wiU be equal to about oue-twclflh part of the circum- 
ference of the zodiac in the heavens ; consequently it will form 
one of the signs or dodccatcmorics, and in tlie same manner all 
of them may be determined. Without denying that a division 
of the zodiac was eaxl> made by the Chaldeans according to 
one or (he other of these methods, it is evident that the portions 
could not have been equal, as were the signs into which that 
circle was subsequently, and still is, divided ; for, besides the 
various causes of error which afiect the places of celestial bodies 
near the horizon, on account of the obliquity of the axis of the 
zodiac to that of the apparent diurnal motion of the sphere of 
the stars, unequal portions of the zodiac ascend above the ho- 
rizon in equal times, and those portions are variable in the dif- 
ferent seasons of flic year; cpnsequenfly the supposed divirion 



CELESTIAL SPHERE. 


81 


equal B}^aces. could only have been deduced £rom the arcs 
limes by calculations of which no traces 
ail account we have of the learning of that ancient 
is^ple, Yl| i* probable tliat, originally, the divisions of tlje 
ecli|il|c .Wt^e estimated by the eye and made about the same 
t^*| the zodiacal constellations appeared to occupy in 
tlic' heavens ;* even after the dodccateiuories were used in astro- 
* Uonncal’ works, the unequal divisions were still partially re- 
U^cjlI ; for Hipparchus, in the second book of the commentary 
^^ott Ar^tns, makes the extent of Cancer equal to about ten degrees, 
. only, while some of the others exceed thirty, and Ptolemy gives 
^ l)ut twenty degrees to Aries while about thirty-nine arc included 
in Taurus. 

^ Now if the star wliich set near the sun’s path and about an 
hour after him had been observed so to set on the day of the 
suinmtT solstice, and if a star had been, in like manner, observed 
about thirty days previously ; then the whole dodccatcmory be- 
tween tliosc stars becoming visible six montlis afterwards, that 
is at the time of the whiter solstice, by its rising at sun-set on 
the opposite side of the horizon, if a circle were conceived to be 
traced, in the heavens, between the poles of the earth and any 
remarkable star which might present itself in the middle of that 
arc of the ecliptic ; this circle would be the solsticial colure, and 
the star last mentioned might serve to recognize it in Uie ce- 
Icstiid sphere, llic position of tlie equinoctial colure, whose 
plane is at right angles to the former, might be determmed in a 
similar manner. The colurcs would thus pass through tlie 
middle of the dodecatemories, and it appears that such were 
the situations assigned them by die C'haldcans and Eg^qitians : 
ilie same disposition of the colures was adopted by Eudoxus, 
probably from these people, and it prevailed among Uie Greeks 
till Hipparchus introduced tlie practice, which has ever since 
continued, of placing tlic colurcs at the commencement of the 
signs, and reckoning the longitudes of stars from tne place of 
the vernal equinox. The equator and all circles parallel to it, 
which arc cut by the horizon, might, in the infancy of astro- 
nomy, be divided into signs, or arcs of thirty degrees, by oL- 
serving wdiat stars rose or set at the end of equal intervals of 
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time, measured by a clepsydra or otherwise; the division of 
these circles not presenting the same difficulties as; that of the 
ecliptic, because their planes are perpendicular to’ Uie axis of 
the earth’s daily revolution, and, therefore, cqu^ arcs ascend 
above the horizon in equal times. 

ITie methods which served for determining th^ dodecate- 
morics might have been employed to divide the zodiac into 
twenty-eight parts ; a division which appears to have been early 
performed in order, probably, to exhibit the extent of the 
moon’s daily motion from west to cast. The spaces were de- 
nominated the lunar mansions, and they, subsequently, acquired 
importance from an opinion, maintained by astrologers, that llie 
particular influences exercised by the moon on terrestrial bb- 
jects, at any given time, depended upon the mansion she thdn 
occupied. Tliis division of the ecliptic appears to have origin- 
ated with the Egyptians, but it was, afterwards, adopted by the 
Arabians, Persians, Chinese and Hindus ; there is no proof tliat 
it was in use among the ancient Chaldeans, and some of llie 
Hindus differ from Jill die other, people in reckoning twenty- 
seven divisions instead of twenty-eight. 'Jlie Egyptians and 
Hindus also, for astrological puqioscs, divided each sign of the 
ecliptic into three equal parts, or Decani^ so called because they 
contained ten degrees each, and the latter allotted to each pail a 
regent exercising an influence in subordination to the particular 
planet which he there rejirescnted 

The commencement of the dodecatemories and diat of the 
lunar mansions are believed to have been, originally, coincident, 
and the Egyptians are supposed to have placed their common 
origin on the circle of celestial longitude passing through the 
star Kcgulus, probably because, when they chose the summer 
solstice for the commencement of one division of tlieir agri- 
cultural }-ear, that star was nearly in conjunction with the sun. 
If we suppose the heliacal rising of Sirius to have tahen place 
precisely^ on the day of the summer solstice, the epoch of the 
phenomenon will be found by computation to have been either 
2500, or 3000 years before the commencement of our era, ac- 
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cording as we suppose the star to be distant in longitude 10 or 
15 degrees, respectively, from the sun when it first, in Egypt, 
becomes disengaged from the rays of that luminary before his 
rising. At tlie former of these epochs, the longitude of Rcgulus 
was 86 J degrees, and at the latter, 80 J degrees ; consequently 
the star must, at either epoch, have been situated within a few 
degrees of the solstitial colure. Now the four intersections of 
the colures with the ecliptic taking place at the beginning of 
the first, seventh, fourteenth and twenty-first lunar mansions, it 
will follow that, in the age just mentioned, the circles of longi- 
tude passing through the two extremities of each of those four 
mansions respectively, passed also near the four principal fixed 
stars Regulus, Antarcs, Fomalhaut and Aldebaran: a disposition 
likely enough to have excited attention, and which probably 
had some influence in determining the number of the man- 
sions. 

Since the first considerable star in the constellation Aries 
(now marked y,) hjis less longitude than Rcgulus by about 
116® 30', it must have happened that, at the time of the sup- 
posed invention of the lunar mansions, the circle of longitude 
passing through the former star coincided wdth the commence- 
ment of the nineteenth lunar mansion ; and an opinion has been 
advanced, unsupported indeed by direct evidence, yet never- 
tlicless, not destitute of probability, tliat when, by the retro- 
gradation of the equinoctial points, the equinoctial colure passed 
tlirough the same star, which was about the year 390 Before 
Christ, the commencement of the year was, by the Greeks and 
Asiatics, changed from the epoch of the summer solstice to that 
of the vernal equinox ; a circumstance which did not prevent 
the origins of the dodecatemories and lunar mansions from being 
still coincident. In the second volume of the Asiatic Re- 
searches is contained an Essay by Sir William Jones, shewing 
that the ancient Hindus divided the zodiac into twenty-seven 
Nak-chatras or lunar mansions, of which the first includes the 
three stars in the head of Aries; and consequently, is coincident 
with the first of the zodiacal signs : and, in the ninth volume, is 
a dissertation by Mr. Colebrook, in which the writer endea- 
vours to prove that these Nak-chatras coincide with the lunar 
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mansions of the Arabs, as they are described by Uliig Bog. 
Mr, Bentley, in the eighth volume, states that the Hindus as* 
cribe the invention of this division of tlio ecliptic to Daesha, 
who, like Atlas in tlie Greek mythology, is said to have been a 
grandson of the daughter of the Ocean : a circumstance which 
gives some force to the opinion that the Hindu astronomy was 
derived from Greece or Egypt. M. Bailly obscnxs that though 
the number of the lunar mansions, according to the Hindus, is 
less by one than that assigned by the Egyptians and other 
people ; yet, as the fonner subdivided each of the twenty-seven 
mansions into four parts, and the Eg} plians subdivided each of 
the twelve zodiacal signs into nine parts, the whole number of 
divisions is the same, according to both peojde ; which may 
further serve to strengthen the opinion that the astronomies of 
India and Egypt had a common origin. 

Hitherto we have described merely the apparent intersections 
of the planes of the equator and ecliptic in the heavens, and 
shewn how the primitive divisions of these circles were esti- 
mated : we have now to mention the steps by which the po- 
sitions of the princi]>al circles of the sjdiere were determined; 
the manner of expressing the measure of any portion of their 
circumferences, and the means of ascertaining willi j)recision 
the values of any angular distances between the apparent places 
of the celestial bodies. 

A very slight knowledge of gecnnclrj' would suffice to shew 
the extent, from north to south, of the snifs annual path in the 
heavens. The length of the gnomon, and that of its shadow, 
form two sides of a right angled triangle from which the value 
of the angle at the vertex, between the gnomon itself and the 
ray passing from its summit to the extremity of the shadow, 
might be determined by a graphical constmetion according to a 
method which appears to have been used by Archimedes, and 
probably was that by which such measurements were first 
made ; that is, by taking with compasses the chord of the arc 
subtending the angle, and finding how often it could be in- 
scribed in the circumference of the whole circle. The dificr- 
ence between the two angles taken on the days when the sun’s 
shadow wa.s the greatest and the least, which is the measure of 
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the suii’s annual movement from south to north in the heavens, 
might thus be fouhd equal to about one-eighth of tlie circum- 
ference of a circle of tlie sphere ; and this, indeed appears to 
have been the result originally obtained. But the method of 
estimating the value of an angle by a fractional part of the 
whole circumference of a circle seems early to have given place 
to one more accurate ; which was to consider the circumference 
of a circle as divided into a certain number of equal parts or 
degrees, 360 for example, and to ascertain the number of those 
degrees which were contained in the arc subtending the angle : 
according to this method the difference of the angles made by 
the rays, with Uie gnomon, would be found to be equal to about 
forty -seven de^p'ees ; and tbe inclination of tlie planes of the 
eclijitic and equator, wdiich is equal to half that quantity, would 
be about 23° 30'. 

'Ilie division of the circumference of a circle into 360 parts, 
or degrees, may be almost considered as universal among ma- 
theraaliciaiis, and it is probable enough that, when from the 
lirst and ludest obscr\'ation8, the length of the year appeared to 
be equal to 360 days, the division of tlic circle into as many 
degrees w as immediately adojitcd on account of tlic convenience 
of expressing the daily movement of tlie sun in longitude by 
one of tliose degrees ; after a more correct length of the year 
had been ascertained, a ])erccption of the advantages of that 
division, arising from the many simple divisors contained in 
tlie iiiiiubcr 3(>0 (which rendered it possible to express various 
ai'cs by a certain number of degices without fractions) caused 
it, W'itli a sexagesimal subdi\’ision, to be retained, and it has 
ever since continued in use. The great political revolution wrhich 
took plcicc in France near tlie end of the eighteenth century 
brought forth, indeed, a new giuduation of the circle, in W'hich 
each quadrant is divided into 100 parts and each part is deci- 
mally subdivided ; but, how^cver adv antageous this method may 
be, it has only yet been able to obtain a veiy partial adoption. 

It appeiurs from a treatise of Proclus ® that on some occasions 
the ancients expressed tlic values of arcs or angles by numbers 
founded on a division of the circumference of a circle into sixty 
* De Splisra, sect. IX. 
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parts, and Eudoxus is said to hare used that mode of exprcs* 
sion^ agreeably to which Rroclus makes the distance from the 
pole of the world to the northern point of the horizon equal to 
six parts (=36^); which is equal to the latitude of Rhodes; the 
distance of the pole from the point of summer solstice he makes 
equal to five parts (30^), and the distance of the equator from 
either tropic, or the obliquity of the ecliptic, equal to four parts 
(24®). It is probable, however, tliat such numbers were often 
employed merely as reductions of tlie proportions of arcs of 
circles to tlieir lowest terms. The Chinese have from the ear- 
liest period of their history divided the circumference of each 
great circle of the sphere into 365 equal parts, so that tlie daily 
motion of the sun from west to east is nearly equal to one of 
their degrees ; which sheurs, at tlie same lime, the reason of 
using that graduation, and that when astionomy was first cul- 
tivated in their coimtry, the length of the year was known to be 
equal to that number of days. 

The circle which limits the view of the spectator on the eartli’s 
surface, having its plane extended every way to the celestial 
sphere, was doubtless the first of those wliich w ere imagined to 
be described in tlie heavens, for the purj>ose of designating the 
places of the fixed stais and planets, though it is remarkable 
tliat tlie tenn horizon, wdiich is applied to that circle, occurs 
only for tlie first time in an astronomical work w'rittcn by the 
celebrated Euclid. The x^osition of tlie north iioinl of the ho- 
rizon, and the direction of the meridian, must have been imme- 
diately determined, and this could be done witli tolerable accu- 
racy by a method which has been stated above '‘t a line passing 
through the place of the obsen er, at right angles to the meri- 
dian, would cut the horizon in the east and w est points ; and 
the diunial path of any star, which might be observed to rise in 
the former and set in the latter of those points, would serve to 
indicate the position of the equator in the heavens ; tlien, as 
soon as means were obtained of taking the elevation of a ce* 
lestial body above the horizon, it would be found that such star, 
on arriving in the plane of the meridian, had the same elevation 
as the sun on those two days of the year w'^hen he appears, also, 

» Page 37. 
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to rise in tlie east; consequently the sun, on each of those days, 
appears to descfibe the circumference of the equator, by his 
diurnal movement, and these days are foimd to be equally dis- 
tant from those on which the shadow of a gnomon is tlie longest 
and the shortest ; but, as soon as the two days were determined 
on which the sun rises in the east, a comparison of the angles 
which, at noon, the gnomon makes with the solar ray projecting 
the extremity of the shadow, would shew that the deviations of 
the sun, northward and southw^ard, from the equator were equal 
to each other on the days of the greatest and least lengths of the 
shadow' ; and it would be, no doubt, immediately concluded, by 
combining the motion of that luminary from west to east with 
his declinations from the equator, that he must appear to de- 
scribe, annually, in the heavens a route w'hose circumference 
crosses that of tlie equator in two points diametrically opposite 
to each other, and w'hose plane is inclined to that of the latter 
circle in an angle equal to half the whole movement of the sun 
from soutli to north ; that is, to about 23^^ degrees* The year 
is, consequently, divided nearly, into four equal parts by the 
tw o times at which the sun crosses the equator, and those two 
at which he attains his gi*eatest declinations : these days might 
naturally, tlien, ser^^c to mark the commencements of the four 
seasons of tlie year ; and, because an equality in the lengths of 
day and night is observed to take place when the sun is in the 
equator, the two points in the heavens w hich the sun occupies 
on those days received the name of equinoxes, while the term 
solstice was, as we have said, applied to each of tliose days on 
which the sun’s declination is the greatest. The circles which 
the sun appears to describe, in his diurnal course, on the days 
of Uie solstices, received the name of tropics from a word sig- 
nifying a return, because, from the solstitial points, the sun 
seems to return towards Hie equator. To tlic oblique route 
described annually by the sun through the heavens the name of 
ecliptic was given because the eclipses of the sun and moon 
take place, always, in or near its circumference. 

The positions of the equator and ecliptic being determined, it 
was easy to conceive tlie existence of other circles in the ce- 
lestial sphere respectively perpendicular and parallel to the 
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planes of the two fonner, and to refer to them the places of the 
celestial bodies, by the coordinate distances of tl)e latter firom 
such of the circles as were considered to be the primitives ; the 
distances were denominated longitudes and latitudes, with respect 
to tlie ecliptic ; right ascension and declination, with respect to 
the equator. And after the spherical form of the earth was 
recognized, the planes of the celestial equator and of the circles 
perpendicular to it were imagined to cut tlic earth and form on 
it the teri'estrial equator and circles of tenx^sLriid longitude; also, 
by lines supposed to be drawn from the centre of the earth to 
the circumferences of circles, in the heavens, parallel to the 
equator, corresponding circles would be conceived to be mai-hcd 
out upon the surface of Uie earth and form there what have 
been called circles of terrestrial latitude ; these circles on the 
earth sending to fix the geograjducal positions of places, as those 
in the heavens served to determine the situations of the celestial 
bodies. 

The position assigned by the ancients to the arctic circle in 
the heavens is not Uie same as that which tliis circle is now 
sup])osetl to occupy ; at present its distance from the pole of 
the world is made equal to that of either tropic fi'om the equator, 
but Proclus slates " that Eudoxus considered it to be at a dis- 
tance from that pole equal to tlie latitude of the place of observ- 
ation, so dial it must have touched thc^ horizon of that place on 
the northern side, and must have formed the southern limit of 
the circumpolai' constellations, or those which are always visible 
by night. It is thus described by Manilius : 

Cimilus ad fulgentem sustinet arcton, 

Sexque fugii sulidas a ccell vertice partes^. 

The six parts here mentioned are equal to -/o of tlie wlicde 
circumference, according to Hie division of the circle used by 
Proclus and ascribed to Eudoxus ; that is, they are equal to 36® 
according to the common graduation, which indicates that the 
jjlacc of observation must have been situated in the parallel of 
the latitude of Rhodes. The astronomical poet also states, in 
the same book, that the northern tropic is distant fi*om the arctic 
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circle by five parts, and the equator from the tropic by four 
parts, vrhich must be understood, in like manner to be equi- 
valent, respectively, to 3t)° and 24® ; a quadrant of the meridian 
being divided into fifteen parts, according to Eudoxus. 

We have said that some nations divided the year into months 
of thirty daj'^s each, the commencement of each month being 
probably determined by the api)earance of the new moon ; and 
it seems that half synodical revolutions of that luminary were, 
by tlie ancient Hindus \ on some occasions, used as measures 
of lime. It has, also, been supposed that, as soon as the period 
of a sidereal revolution of the moon, which is equal to about 
twenty-eight days, was observed, the four principal phases of 
that lunnnaiy were made to ser^’^e the purpose of dividing the 
moiitli into weeks of seven days each ; but it is probable that 
this last cycle may lay claim to a higlier origin, and that its 
first use may have been derived from an appointment of the 
Deity himself. The knowledge, however, of Uie first revelation 
giaulcd to man being lost to the heathen world, it was natoal 
that a celestial observ^ation which it was in the power of maiiy 
persons to make should be thought to have given rise to the 
cmi)lt»ymeiit of tlie period, and that the invention of it should 
have been ascribed to that pcopltj among whom a knowledge of 
it was first found to exist. Dk>n Cassius states ^ that the week 
of seven days was inveuted by tlic Egyptians ; but, in whatever 
w^ay it may have been introduced, it is ceilain that it has been 
received by all people who have a notion of a calendar ; and it 
has been prov(?d by La Place to be idenlical in all calendars 
both with respect to the dciioiiiinationa of the days and Uieir 
correspondence to the same physical instants of time. 

According to the testimony of Horus Apollo, who lived in 
the fourth century of our era, and wrote upon the Egyptian 
hieroglyphics, tlie Cynocephali {supposed by Mr. Bryant® to 
have been members of a royal seminary in Uj)per Egypt,) were 
addicted to tlic contemjdation of lire heavens, from which they 
learned to distinguish the seasons and to divide Uie day into 
twelve parts or hours. But in Hie writings of the Jewish and 
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Arabian astronomers of the middle ages the division of the day 
into twenty -four hours, and the denominations of the days 
themselves, are ascribed to the Chaldeans, who are said to have 
called each hour by the name of a planet and to have given to 
each day the name of that planet from which its first hour was 
designated. From the arrangement of the days of which the 
w^eek is composed, it is evident that a disposition of the planets 
similar to that assigned in the system of Ptolemy must have 
been prevalent at the time the denominations were imposed ; 
for if we reckon the planets in the order which they have in 
that system ; viz. Saturn, Jupiter, Mars, the Sun, Venus, Mer- 
cury and the Moon, the first hour of the first day would be 
designated Saturn, and the name of Saturn was given to that 
day ; then, in twenty-four hours, Uic planets would be passed 
over three times, and there would remain lliree hours, so that if 
the day began with Saturn the last hour would be called Mars ; 
therefore the first hour of the second day would be given to the 
sun, and that was the name of the second day ; again, reckoning 
as before, the last hour of the second day would be Mercury, 
and tlie first hour of tlic third day would be given to the moon ; 
so that the third day received the name of the Moon, and so on. 
Tlius the several days had, in succession, the names of the Sun, 
Moon, Mars, Mercury, Jupiter, Venus arid Saturn; and this 
arrangement must have been comiuunicated from tlie peojde 
who first proposed it, to the Egyptians, Greeks and Romans ; 
for these could not have been led, independently, to the adop- 
tion of the same names of days, from the order of tlie distances 
of the planets, since they did not, all, suppose this order to be 
the same. Almost all tlie people of the ancient world supposed 
the day to begin at sun-rise, no doubt because that phenomenon 
was a most distinguishable mark offered by Nature herself to 
divide the period of a revolution of the heavens into two great 
portions; and the interval from sun-rise to sun-set was con-* 
sidered as the length of the day ; but when machines had been 
invented for the purpose of dividing the day into equal parts, 
this method was found to be veiy inconvenient because the days 
are of unequal length, not only in places differently situated 
with respect to latitude, but also at the same place in different 
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seasons, and it was finally superseded by that of reckoning title 
hours of the day from noon or midnight. Hipparchus appears 
to have been> tlie first who assumed the latter epoch for the 
origin of the day, but astronomers now invariably reckon the 
hours of tlie day from the former. 

Two methods of dividing the day into hours seem to have 
been employed in very eaily times. For civil purposes, the 
interval between suorrising and sun-setting was divided into 
twelve equal parts, each of which, of course, must have been, 
every day, of a different length ; the interval between sun-setting 
and sim-rising W’^as divided in a similar manner, and it is evident 
that the nocturnal, could not have been equal to the diurnal 
hours except on the days of the equinoxes. Such equal divi- 
sions of the natural day were called temporary hours, and they 
were detennined by a clepsydra or some similar machine ; the 
dimensions of tlie aperture through which tlie water was allowed 
to flow being made to vary with the varying length of the day. 
Such divisions of the day are alluded to by Achilles Tatius, who 
eudeavours to illustrate tlieir nature by comparing them to the 
fingers of tlie hand which are always the same in number, but 
are not all of equal lengths. The ancient astronomers, however, 
generally used what are called equinoctial, or solar hours; 
which are those determined by a sun dial, and instruments of 
tliis kind appear to have been in use from a very remote 
period. 

In die progress of astronomy, tlie discovery of the princqial 
phenomena of tlic celestial bodies seems to have been followed 
immediately by an effort to account for such phenomena by 
some physical cause ; and tlie formation of an hypothesis which 
satisfied the observations, while it gi adficd the pride of man by 
making him appear to be acquainted with the secret mechanism 
of nature, must have facilitated the improvement of the science 
by enabling succeeding observers to connect the isolated facts 
they brought to light so as to unite them in one system : by tliis, 
the original hypothesis may have been proved or, if necesswey, 
modified ; and from thence it became possible, by reasoning, to 
deduce some of the circumstances relating to the planetary 
motioiis which were inappreciable by the instruments employed, 
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or which, otherwise, would have remamed for ages undiscovered 
by observation. 

The general motion of the celestial bodies about the earth, 
from east to west, it would, immediately, be attempted to explain 
by supposing them to be attached to tlie concave surface of a 
hollow sphere wliich, being endowed with that movement of 
revolution, would, consequently, carry all those bodies along 
with it ; but the movements of the planets being found to be 
variable in velocity and direction, it would be necessary to 
suppose them independent of the s})here of the ineiratic stars 
and, either to move by tliemsclvcs in free space, or each of them 
to be attached to a separate sphere by whose motion it might be 
conveyed about the earth : the lattcT supposition seems to have 
been immediately prefeiTcd, probably because no satisfactory 
reason could, at first, be assigned why, if left to themselves, they 
should not fall from * Uicir places, agreeably to what was 
constantly observed of bodies ncai’ tlie earth’s surface when left 
without support. 

But whether attached to spheres or not, the phenomena of 
the movements of the superior planets might, naturally enough, 
lead to the opinion that these movements were performed about 
tlie earUi in orbits which were perfectly or nearly circular; 
because, at different times, they a))pear to be in every different 
part of the circumference of an imaginary circle in the heavens. 
Now the first opinions of men concerning the heavenly bodies 
seem to have been drawn from a supposed perfection in all their 
qualities ratlier than from observation of their phenomena, and 
it became an established point tliat the movements must be 
performed in orbits correctly circular, and with uniform velocities ; 
hence, from the observed variability of the planets’ motions, it 
was early concluded that the circular orbits could not be 
concentric with, though they were supposed to enclose the earth ; 
for by mating an orbit eccentric, it is evident that a body, 
really moving with a uniform angular motion about the centre, 
would appear to move faster, when in that part of the orbit which 
is nearer the spectator, and slower, when in that more remote 
than the point of mean distance from him. The changes in the 
apparent movements of the planets from direct to retrograde, 
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and the contrary, did not, perhaps, fgt some time excite attention. 
The opinion that 'the real velocities of the planets were uniform 
must have* had its supporters as late as the time of Pliny, for 
that distinguished philosopher observes ‘ that the planets appear 
to move slowest when in the highest circuit [in apogeo], not 
because there is any acceleration or retardation of their true 
motions, which axe uniform for each planet, but because, at 
different distances from the centre of observation, unequal 
angular moyements are described by the radii drawn to the 
planet. 

Now, ^vith respect to the inferior planets, the fact that they 
never deviate beyond a certain distance from the sun, and that 
tliey alternately ap])roach to, and recede from him, might be 
sui)poscd to afford an argument that their movements depended, 
in some measure, on that luminary ; and could the phases the 
inferior planets j)resent to a spectator on the earth, and their 
transits (fver die sun’s disc, have been seen without the aid of a 
telescope, the former, from their resemblance io the phases of 
the moon, and tlie latter, from their occurrence between the 
disappearance of the planets in the sun’s light at his rising, 
and their emergence from thence after sun-set, would, at once, 
have led to the discovery that those planets revolve about the 
sun ; but this being impossible, it is less surprising that die true 
nature of their movements should have been mistaken or quite 
unknown. Any observations made by the naked eye would be 
insufficient to detennine whether the movements were rectilinear 
or circular with respect to the sun ; and, if a circular movement 
were supposed, it would be still uncertain whether the sun was, 
or was not, included widiin the orbits : but, admitting that the 
inferior planets revolved about the earth, it must have been 
obvious that tiiey were carried with the sun in his annual 
course ; and this aiipearance probably led to the opinion of die 
motion of the planets in epicycles, which afterwards became so 
general. 

It was impossible for the ancients to have any proof of the 
different distances of the planets from the earth, except such as 
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might be obtained firom the difference in the degrees of their 
brightness, or of their apparent velocities about the earth ; having 
adopted the principle that the paths of all the celestial bodies 
were circular, and their true movements uniform and equal, it 
would seem to follow that those which had the slowest motions 
were the most remote. The ancients invariably arranged the 
superior planets in the same order. Saturn was supposed to be 
on the exterior, then followed Jupiter and Mars, in succession 
towards the earth, which was placed in the centre of the system ; 
they all agree, likewise, in considering that the sun and moon 
revolved with the other planets about the earth in orbits within 
that of Mars, and that the moon's orbit was the nearest to the 
earth. But a difference of opinion existed among the ancients 
about the disposition of Venus and Mercury; according to 
Achilles Tatius®, some of them placed the sun between the 
spheres of those planets, but, he obsen^es**, the Egyptians placed 
the latter between Uie spheres of Mars and the sun, probably 
because Venus and Mercuiy' were never seen to pass over the 
sun's disc, and they supposed the former to be nearer the earth 
than the latter perhaps because it appears brighter; this dis- 
position was adopted by Plato and is mentioned in his dialogue 
Timasus: on the other hand, in the system of the later Greeks, and, 
as Alpetragius states, in Uiose of the Babylonians and Hindus, 
the orbits of Venus and Mercury are placed between those of 
the sun and moon ; that of Mercuiy being nearest to the moon 
or earth because his conjunctions with the sim occur more 
frequently than those of Venus. 


Tatiufl, iBagoge, cap. 16. in Petav. Uranolog. 
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CHAPTER VI. 

NATURE OP THE ANCIENT ASTRONOHICAL CYCLES. 

f 

Determinations of the solar and lunar years. — Probability that the Sothaic 
period was used by the Egyptians. —The Persian cyde.— Possibility that 
the Egyptians had discovwed the movement of the equinoctial points. — ’ 
The oommenoement of the year was variable among the andents.— The 
Egyptian agricultural year regulated by the heliacal rising of Sirius. — The 
Chaldean cydes. — Andent planetary cydes. — The restituticms of the moon’s 
inequalities of movement supposed to have been known to the Chaldeans 
and Hindus. — The andent manner of determining the moon’s periodical 
revolutions. 

The manner in which the ancient Egyptians and Chaldeans 
determined the length of the year is doubtful, but there are two 
methods capable, as wc have shewn, of affording an approxi- 
mation to it, and cither of them might have been adopted in 
the infancy of astronomy ; tliese are the heliacal risings of stars 
and the lengths of the shadows of a gnomon. The interval 
between two heliacal risings of any star would include a period 
nearly equal to that which is known by the name of the sidereal 
year; and tliat between the days of the two longest or two 
shortest shadows, which indicate the days of tlie winter and 
summer solstice respectively, would give the length of the 
tropical year. If we arc not allowed to suppose that a gnomon 
was used for the purpose of ascertaining the tropical year, or 
that on which the seasons depend, we may remark that the same 
could be rudely determined as soon as men had learned to trace 
a meridian line, or one at right angles to it; for, by simply 
looking, at morning and evening, in the latter direction, the days 
of the vernal and autumnal equinox would be known since, then, 
the sun rises and sets precisely in Uie eastern and western points 
of the horizon. It has been supposed that the faces of the 
Pyramids of Egypt had their particular directions in order to 
allow this kind of observation; and M. Biot remarks % that two 
of the faces of the temple at Denderah were disposed so that the 

* RechercOies sur I’AstFonomie Egyptieune. 
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horizontal lines passing along the foot of their wallsr tended 
southward fd east and northward of west about as much as tile 
amplitude of the sun at rising and setting on the days of the 
winter and summer solstice respectively; consequently those 
days might be found and, from tliencc, the length of the year, 
by simply directing the sight in a line parallel to the saluc Ikces. 
This method of determining the year is by Simplicius *, expressly" 
stated to have been practised ; and it is probable that it gave 
rise to the formation of a year of six months, which was that 
used by the Carians and Acamanians, and in which as Ceu- 
sorinus observes ** the days increased during one year and 
decreased during the next, alternately; for such would be the 
case if the first year was made to commence at midwinter, and 
the oilier at midsummer. The difference between the sidereal 
and tropical year being only about tw^eiity minutes, by which 
the former exceeds the latter, on account of the retrogradation 
of the equinoctial points, would be long imperceptible from the 
uncertainty of die day on which any star first rises heliacally 
and the uncertainty of the precise momentwhen tlie shadow of 
the gnomon is the longest or shortest. 

By the testimony of Diodorus Siculus ^ the year of the 
Chaldeans and Egj^ptians originally consisted of thirty days ; it 
must, Uicrefore, have been formed by taking that number of 
days as a lunar jieriod, or interval bctM'ccn two consecutive 
changes of the moon ; and this miter, in the same book, assigns 
to the latter people the honour of regulating the year, subse- 
quently, by the sun instead of the moon ; he alleges that they 
made tlie solar year consist of tw'clve months, of thirty days each, 
and added five days and a quarter after each twelfth month, to 
complete the circuit. But it seems as if a year of 3(50 days only, 
was, for a certain time, used in Egypt and, as it is not likely 
that an error of five days should have been made in determining 
the length of the solar year by any of the methods above 
mentioned, we can only imagine that such a length was 
purposely chosen for the sake of the round number. The sun is 
said by Manctho to have been the son of Vulcan and the in- 

* Ckiinment. 4G,*Lib, 11. De Ccelo. De Die natali, cap. 16. 
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^iSc©tor*Of fire; he married Rhea aad, having discovered her 
infidelity, condenmed her to bear no offspring oaa .any day or 
night of the 360 which then constituted the year ^ : and the 
-following remarkable story is related by Phitarch** concerning 
the introduction of the epagomenas or additional days. Mercury, 
he say % engaged himself, in a contest at* dice, with the moon, in 
';order to gain time for the birth of Rhea’s children, and evade 
"Tier husband’s curse ; being victor, he took off -^th from each 
day, and of these portions made five whole days, which he 
added to the 360 previously composing the year. It is said that 
Osiris was bom on the first supplementary day, and Typhon on 
the third. The fable will, at least, serve to prove the fiw:t, that 
the year of 365 days was an improvement subsequenfly made 
upon that which had been more anciently used. 

But it was not in Egypt alone that the year of 36(t days was 
in use, for Diodoms Siculus alleges® tliat, among the Chaldeans, 
it succeeded to the lunar year of thirty 'days, and M, Bailly sup- 
poses that their know ledge of it was acquired in the reign of 
Evechous, tlie first Icing of Babylon, who, he thinks, w as con- 
temporary W’ith an ancient Zoroaster, and lived in the year 
2459 Before Christ. Diodorus adds that 33,583 years pf the 
foraier kind arc equal to 403,000 years pf the latter kind, and 
tlic expression of tlicsc periods by such high numbers, when 
tlie ratio of 1 to 12 would have been quite as accurate, seems to 
iudicate that the writer had in view" some cpocll| real or ima- 
ginary, 'wdiicli entered into tlie astronomy or chronology of that 
people, lliat the Egyptian year of 365 days w’^as introduced 
into tliat country before the time .of Alexander is proved from a 
passage in Quintus Curtius, where the inarch of the Persian 
army is thus described Patrio more l^ersaruin tradfrum est, 
orto sole demum procedere. Die jam illustri, signum e taber- 
naculo regis buccina dabatur; super tabemaculum, unde ab 
omnibus conspici posset, imago soUs crystallo inclusa fulgebat. 
Ordo autem agminis erat tails : Ignis, quern ip^ ^ sacrum ’ et 
® eetemum ’ vocabant, argenteis altaribus praeferebatur. Magi 
proximi patrium carmen canebant. Magos trecenti et ee^ginta 

* Eosebii Chronic! pan L ^ De Iside et Osiride. 
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quingue juvraes sequebantur, punicdus aiaiculiB velatt) diebm 
totius anni pares numero: quippe Perm quoqtue in totidem 
dies descriptus est annm. Cumun deinde Jovi sacratum al- 
bentes vehebant equi : hos eximise magnitudinis ^equus/ quern 
appcllabant^ sequebatur: aurece virgas et albss vestes re- 
gentes equos adomabaut ” 

It is probable that, originally, the Greeks considered a sy- 
nodical revolution of the moon as one year, and that they, after- 
ward, formed periods of time consisting of three months each. 
Censorious ^ relates this circumstance, and adds that the Ar- 
cadians had acquired the denomination of Proselenae s noiy says 
he, because it was supposed that they were a nation before 
the moon became a star in the heavens, but because they, first, in 
Greece, used a year which was determined by the course of 
that luminaT}^ The year of 360 days appears also to have been 
in use among the Greeks, since Hesiod affirms the fact^ and 
mentions a division of it into twelve months. This people, 
however, subsequeutiy adopted a lunar year of 354 days, di- 
vided, also, *into twelve months, but they long persisted in 
the imperfect practice of considering each month to have 
29 days, and of intercalating a month every alternate year 
in order to make their civil reckoning correspond nearly with 
the solar period ; a method alluded to by Diodorus, in his first 
book. *But the defects of this metliod soon becoming sensible, 
Solon abandoned the intercalation, retaining only the simph 
lunar year and regulating that the twelve months should, al- 
ternately, consist of thirty days and twenty-nine days. The 
tropical year, however, was, at length, introduced into Greece, 
from Egypt ; for Strabo relates that Plato and Eudoxus had 
resided thirteen years at Heliopolis, where they learned from 
the priests of the country what portion of a day was to be 
added to 365 days in order to complete the solar year ; which 
was, as he alleges, till then, unknov^m to the Greeks. Now, as the 
latter people, from the time that they used that kind of year, 
always, In their civil accounts of time, supposed it to consist of 
365^ days, it will follow, cither that the Egyptians did not 

* De Die Natali, cap. 16. * Opera et Dies, Lib. IL 
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eommuiiicate a more accurate knowledge of the length of the 
year, or that,* if they did so, no public use was made of it in 
Greece. Pliny states “ that, according to ‘the Egyptians, the 
solar year was rendered complete in a period of four years, and 
that this period produced the return of the winds and bad 
weather to the same days; alluding, no doubt, to its advantages 
over the annus vagus^ or sacred year, which consisted of 305 
days without a fraction. He observes, also, that the period of 
four years, when introduced into Greece, had the name of the 
Tetra^teris of Eudoxus, and this philosopher may, therefore, be 
supposed to haife brought it from Egypt. The Egyptians them- 
selves, ascribe the discovery of the additional quarter of a day, 
as well as most of their improvements in the sciences, to one of 
their Hermes. But, according to Geminus^, they designedly 
used a year of 365 days without a fraction, in order that their 
religious festivals might not be fixed to one season of the year. 
This writer alleges that it was a common error the 

Greeks to suppose that the festival of Isis iiappened always at 
tlie winter solstice ; this, he says, was true ISO years before his 
time ; but he observes that it now takes place about a month 
earlier, and as Geminus lived about 77 years b. c. it is evident 
Uiat the period at which the festival so occurred must have been 
nearly 200 years b. c. Formerly, he adds, on the authority of a 
commcntaiy on the Octaeteridcs, or cycles of eight years, as- 
cribed to Eratosthenes, the same festival was celebrated as early 
as the summer solstice and as the quarter of a day, by which 
tlie Julian year exceeds that of the Egyptians, will amount to 
half a year in 730 years of the latter kind, it is evident that the 
epoch alluded to by Eratosthenes must have been about the year 
930 B, c. or at a period earlier cither by 1460 years or by some 
multiple of that number of years. The ancient Hindus used 
both a solar and a Ittnar year, and tliey considered each to be 
divided into 360 parts called days ; but these appear to hi^e 
been fictitious, and used only for the purpose of fiicilitating 
certain astronomical computations : it is probable there^e that 
such a division was not made by that people till thq science 
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was SO far adTaticed among them that it became necessary to 
have recourse to it for the purpose of simplifying the rules by 
which the times of celestial phenomena were computed. 

"WTiether the Egyptians determined the length of the year by 
the heliacal risings of stars, or bjr the occurrence of the equi- 
noxemyr solstices ; while they continued to use that which was 
denominated the sacred year, and consisted of 366 days, they 
could not avoid obsendng, at the end of a certain number of 
such years, that their festivals ceased to iall in the same season 
as that in which they were at first celebrated ; in fact, in 360 
years, any religious or other rite which was appointed to take 
place on a certain day, suppose that of midsummer, would 
anticipate the season by about three months, and would tlien 
actually occur at the beginning of the spring quarter ; and, since 
360 years are to three months, as one year is to a quarter of a 
day, this people might find that the lengtli of the year ought to 
be equable about 366:J- days, in order to make their calendar 
accord with the seasons, which, though of Kttlc moment in the 
arbitraiy regulation of religious ceremonies, must have been 
always of the utmost importance for civil purj^oses. Since also, 
1460 years of 365j days, each, are equal to 1461 years of 365 
days each, it will be easy to perceive that at the end of 1460 
years, the festivals of the sacred year would return to the same 
seasons as at the commencement. This forms, in all probability, 
what was called the sothaic or canicular period ; the knowledge 
of which cannot be denied to the Egyptians ; and attempts have 
been lately made to ascertain the age in which the period was 
introduced among that people ; the enquiry is interesting, but, 
firom the account we are about to give of the foundations on 
which it rests, it will be perceived that no satisfactory conclusion 
concerning it has been obtained. 

The late diScoveries of M. Champollion iiave shewn tliat the 
anbient Egyptians commenced their civil, or agricultural year, 
with the season for sowing com ; that is immediately after the 
subsidence of the Nile, and while the ground was yet moist 
from the action of the waters. Now as the rising of the river 
depends on the rains which fall regularly, in Abyssinia, during ' 
the summer, commencing invariably with the sumifier solstice, 
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and attaining its highest elevation in about one hundred, dajs ; 
it is evident that the civil year must have been the same as that 
which is called the tropical year ; that is, it must have consisted 
of about 365J days: this period the Egyptians divided into 
three parts which were represented by symbols illustrative of 
the periods of vegetation, harvest and inundation ; each of the 
two first periods comprehended 120 days, and the third, 125j 
days, of which the five last were the epagomenae or supple- 
mentary days ; and M. Champollion, therefore, considers that 
tlie beginning of tlie civil year was fixed at the one hundred 
and Iwenty-fifUi day after the summer solstice. But the sacred 
year of tlie Egyptians, as we have said, consisted of 365 days 
only; its commencement was, consequently, vaiiab\e, retro- 
grading regularly about one day in every four years ; and if we 
suppose that, at the introduction of the sacred year, its com- 
mencement coincided with, that of the agricultural year, it would 
follow that a like coincidence could only again occur at the l^iid 
of every period of 1160 tropical years, supposing witli tlie 
Egyptians, each of the latter to be exactly equal to 365^^ days: 
or at the end of every period of 1506 years, if we make the 
length of the tropical year equal to what is now knoi^ii.to be its 
true value. 

M. Champollion, in attempting to find the time when the 
sacred year was introduced, sets out by assuming the well known 
fact, tliat in the twenty-fourth year before the commencement of 
our era, when Augustus altered the Egyptian calendar, and put 
an end to that mode of reckoning time, the first day of the 
month Thoth, that is, of the sacred year, coincided, according to 
the Julian calendar, wiUi tlie 29th day of August which was 
then sixty-five days after the day of the summer solstice [June 
25] ; then, on account of the 12 minutes by which the Julian 
year exceeds the length of the tropical year, and which causes 
the day of the equinox or solstice, in times posterior to the 
introduction of the Julian calendar, to retrograde about one day 
in 120 years, it is evident that, in the year 275 b.c. the summer 
solstice must have occiured on the 27th day of June, and he 
computes that, at this epoch, the first day of the sacred year 
must have coincided with the 31st day of October, which is just 
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125 days after the solstice ; and, consequently, was the first day 
of the agricultural year. If, therefore, he observes, Uie intro- 
duction took place at the^epoch of a coincidence of the two kinds 
of year ; and, if we suppose that the intervals of the coincidences 
are, each, equal to 1506 years, we should have, for the preceding 
epochs of coincidence, the years Before Christ 1780, 8285, 4790, 
&c. respectively. 

Censorinus however asserts^ that the first year of one of the 
sothaic periods fell just one hundred years before tliat in which 
he wrote, and which he designates as the year 086 of Nabonassar 
[a.d. 239] ; so that the commencemeut of a period must have 
coincided with the year 139 of our era; and he adds that, at 
the latter epoch, on the twelfth day of the kalends of August 
[July 20], the first day of the sacred or variable year (the 
memory of which seems to have been retained in Egypt though 
its use was abolished by law) was coincident with the day on 
vhich Sirius rose heliacally in that coiuitry ; and, in fact, it is 
foundr by calculation that the phenomena actually took place iu 
Egypt, in that year, about the day specified ; that is, twenty -seven 
days after the summer solstice ; therefore, if we suppose tliat tlie 
interval between two consecutive heliacal risings of that star was 
tlicn exactly equal to 3654 days, which M. Biot proves to have 
been very nearly true between the years 2000 and 3000 Before 
Christ ; and that, consequently, the sothaic period, determined 
by the returns of the heliacal rising of tine star to the same day 
of the annus vagus, was equal to 1460 years ; by reckoning 
backward we should have the years Before Christ 1321, 2781, 
4241, &c. respectively, for the previous epochs at which tlie like 
coincidence took place : and one of these is imagined to. have 
been the epoch of the first introduction of that kind of year. 

But it has been supposed, and tlie opinion is founded on a 
passage in the Scholiast on Aratus, probably Theon of Alexandria, 
that the commencement of the agricultural, or, as it was also 
called, the canicular year, was coincident, in time, with the 
heliacal rising of Sirius ; and, according to Diodorus Siculus, the 
Egyptian priests had a tradition tlrat tlie rising of the Nile was 
originally coincident with the same celestial phenomenon. Now 
* De Die Natali, cap. 17* 
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if the day be that on which the increase in the hdght of the 
waters is first perceived ; that is the day of the summer solstice ; 
it would follow that the agricidtnral year commenced at mid* 
summer : and^ adopting the data afforded by Censorinus, we 
' should find that the coincidences of the first day of the annus 
vagus with that of the former year, so commencing, would be in 
A.i>. 31, and in the years Before Christ 1475, 2961, &c. which 
agree witli neither' of the other epochs : we are, therefore, left to 
make our choice n.mon'g them for the time at which the sacred 
year was introduced into Egypt, without a single condition 
to determine our opinion in favour of either. 

Several circumstances conspire to render all these determina- 
tions unsatisfactory ; for, besides the absence of all proof that the 
coincidence above mentioned was coeval with the establishment 
of the Egyptian calendar, the heliacal rising & star and the 
first perceptible rise of the Nile are uncertain within several 
days, by which the epoch founded on ebher is also 

rendered uncertain to the amount of as many hundred years : the 
length of the agricultural year is also undetermined and con- 
sequently tlie sotliaic period itself is susceptible of different 
values ; if the year was made to depend on the rising of the 
Nile, it must have been strictly tropical; if on the heliacal 
risings, it must have been exactly equal to 305:1^ days, and no 
one can say by which of these circumstances its length was 
regulated ; it is certain, moreover, that the ancient Egyptians 
made no distinction between the tropical and canicular years, 
and that they were not even aware of the difference between 
them. 

The Scholiast on Aratus connects wiih his remark that the 
origin of the canicular year w^as coincident with the heliacal 
rising of Sirius, two additional circumstances, the overflowing of 
the Nile and the presence of the sun with the star Leo ; either 
meaning Uiat the sun was merely somewhere in the constellation 
bearing that name, or, in conjunction with Regulus, the principal 
star in it Now we find by computation that, about the year 
2500 Before Clirist, Sirius rose heliacally precisely on the day 
of the summer solstice, and that the longitude of Sirius was then 
41® 30', which is less than the longitude of the sim by 48® 30' ; 
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tbe 6im must therefore^ at that epoch, hare been situated near 
the middle point of the consteUation, and have been nearly in 
conjunction with Regulus ; and it is, probably, from this circum- 
stance, and because the star lies nearly in the sim's palli, that it 
was distinguished by the epithet royal. 

In all the period between about the year 4000 B, c. and the 
age of Theon,‘the sun must have been in the constellation Leo 
at the time of the heliacal rising of Sirius ; but the connexion of 
the latter phenomenon with the rising of the Nile cannot bo 
supposed to have been observed earlier than 2600 years Before 
Christ, when the rising of tl)e star took place on the day of the 
solstice ; since, the elevation of the waters not being great 
enough to attract general notice till after that day, it is not likely 
that tlie elevation should, wiien first observed, have been sus- 
pected to depend in any manner oi^ihe rising of the star; and 
it may be raUier supijosed that such dependence would not be 
noticed till a later age, wiien, on die first aj>pcarance of tlie star 
in the evening, the waters had attained a perceptible height ; 
and when, consequently, the people of die country might con- 
sider the tw'o circumstances to stand to each other in tlie re- 
lation of cause and effect, and thus be led to give to the agri- 
cultural year a designation dravrn from the name of the star. 
The fixation of the commencement of the agricultural year to 
the day of the solstice, or, as Champoiiion supj>oses, to the 
hundred and twenty-fifth day after it, may Lave taken place as 
soon as the Eg>q)tians applied themselves to the cultivation of 
the ground, and long before the rising of Sirius was regarded ; 
but tlie first use of Uie annm vagm if it be supposed to be con- 
nected w'ith this phenomenon, cannot be dated fi'om a period 
more remote than the year 1321, or 1476, b. c. reckoning back- 
ward from the coincidences mentioned by Censorinus ; or than 
the year 1780 b. c. if we adopt the hypothesis of Champoiiion. 

It must be admitted also, that there is no direct proof, in any 
author who lived before the cbmmencemeni of our erA, that the 
Eg}'ptians paid any attention to the sothaic period, but the 
allusions made to it by subsequent writers leave Utile doubt of 
the fiict. 'The fable mentioned by Tacitus* concerning the 
* Tadti Aimalium Lib. VI. cap. 26. 
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phoenix, which was supposed to rise from its ashes end 

of 1461 years, seems to be an allegory intended to express the 
duration of the cycle; and, besides the account given by 
Censorinus as above stated, the remark made by St. Clement of 
Alexandria, who lived at the beginning of the third century, 
that Moses was bom 345 years before the establishment of the 
soihaic period, imjdies that this last had been anciently used in 
chronology. According to most of the commentators, the 
Jewish lawgiver lived about 1570 years Before Christ; therefore, 
if any dependence could be placed on the testimony of the above 
mentioned Father, it would seem that the cycle w as instituted 
about 1225 years Before Christ. This epoch differs not more 
than one hundred years from one of Uiose which have been in- 
ferred from the passage in Censorinus ; and the tw’^o accounts may 
be reconciled by supposing that tlie introduction of the cycle 
did not take place for many years after the observed coincidence 
which dotonnined its commencement. An indirect argument in 
favour of those wbo contend that the cycle w^as really employed 
may also be drawm from a j)assage in tlie historian Syncellus, 
who lived in the eighth century : tliis writer, in an extract from 
the wwks of Julius Africanus, states that tlic’lattcr had copied a 
relation given by Manctho, in a chronological w^ork composed by 
order of Ptolemy Philadelphus, and profesvsing to have been 
taken from a more ancient Egyptian chronicle, in which it was 
asserted that from the reign of tlie sun to tliat of Ncctanebus II. 
there had elapsed 30,525 years ;^d since this number is equal, 
as Syncellus observes, to the product of 1401 by 25, or to 
twenty -five soUiaic periods, there seems reason to believe that 
the cycle was in use in, or before the time of Manetho. 

If tlie authority of Hyde is of any weight, it would appear® tliat 
Jemsehid, one of the most ancient monarchs of Persia, intro- 
duced into that country, for religious purposes, a vague year of 
365 days without fractions, for tlie same reason that .this mode 
of reckoning time was used by tlie Egyptians: and that, for the 
general use of the people, he formed another kind of year, whose 
commencement was to be fixed by an embolismic month, added 


Uistoria Rdiglojiis Vet. Perearum, cap. 14. 
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at the end of every 120th year* That is, as Hyde explains it^ 
in a quotation from a work of Mahmud Shah Cholgius, the year 
was supposed to consist of S66^ days and was divided into 
twelve months of thirty days each with 5 additional days ; but 
the remaining quarter of a day making, in 120 years, just 30 days, 
or another month, this was added as an embolismic month, by 
reckoning the last of ‘the year twice over, at the end of the first 
120 years ; at the end of the next 120 years, two months were 
added and so on till afrer 1440 calendar years, when twelve 
months or one whole year wUs reckoned twice ; and thus 1440 
years constituted the period of an intercalation. This manner 
of correcting the calendar is said** to have continued till the 
time of Jesdegird ; after whose death a new era commenced, 
with the year 032 a.c. and then, the intercalated month fell at 
the end of the eighth montli of the Persian year, which ycar^ 
was, consequently, tlie OCOth of one of the above mentioned 
cycles : hence M. Bailly concludes*^, that the Persian mode of 
intercalation commenced either in the year 329 B.c. wiiich must 
have been the first yeSir of a cycle, or in a year earlier by 1440 
years or by some multiple of that number of years 5 and the 
French astronomer who, when the probabilities arc equal, always 
chooses a very ancient epoch, supposes the year 3209 n.c. to be 
that of the introduction of the cycle and of tlie reign of Jemschid, 
the sovereign to whom the invention of this mode of regulating 
the calendar is ascribed. We are informed that, with the era of 
Jesdegird, a new regulation of the solar year was adopted in 
Persia, and that its commencement was made to coincide wiUi 
the time when the sun was in the middle of the constellation 
Pisces**. 

The length of the tropical year, or the interval between two 
successive returns of the sun to the same equinoctial point, is 
now known to have been, during the existence of the Egyptian 
monarchy, less than 365^ days by about eleven minutes wdiicli, 
in about 130 years, make one day ; and the Egyptians, by adding 
one day at the end of every four years, to their original year of 
365 days, rendered their civil year too long, so that at the end 

* llifitoria reUgionifl vet. Peroanim, cap. 17* ^ Ilnd. cap. 14. 

* Astc. Andenae Eciairciia. liv. IV. lect. 2. ^ Hyde, cap. 15* 
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of 130 such years from my* epoch, there had in reality elapsed 
one day more' than 130 tropical years; and, as the observations 
of the times of the equinoxes by the gnomon, or otherwise, were 
probably, uncertain to half a day only, it may be supposed that 
in about 300 years, at most, the error of their calendar would 
become sensible, being, in fact, more than two days. It is also 
known that the length of the sidereal year, or the interval be- 
tween two successive returns of the sun to the same fixed star, 
exceeds 365^ days by a little more than nine minutes, and these, 
in about 150 years, make up one day, but the length of the si- 
dereal year being by the Egyptians determined, only by the 
heliacal risings of stars, and M. Biot having proved that between 
the years 2000 and 8000 B.c. the interval between two consecu- 
tive heliacal risings of a star w^as 365^ days, or exactly the 
length assigned by tliat people to their tropical year ; it is evi- 
dent that they could not have been aware of any greater error 
in their calendar tlian that which we have found above : and, if 
we ore to give them credit for so much attention in comparing 
their measures of time, we may suppose«that the heliacal rising 
of any star would, to them, appear to take place every year later 
than ill that preceding it, as well witli respect to the civil as to 
tlie tropical reckoning, or that the equinoctial point would ap- 
pear to retrograde towards the sun, so tliat the latter would seem 
to arrive at the equinoctial point earlier, with respect to the civil 
as well as the sidereal reckoning: and, taking the sun^s move- 
ment ill longitude at one degree daily, it might appear that llie 
equinoctial points had retrograded with respect to the stars, at 
the rate of about two degrees in 300 years, or about twenty-four 
seconds of a degree yearly. But subsequently to the year 1000 
B.C., the difiereiice between the interval of two heliacal risings 
of a star and the period of 365|^ days became perceptible, being 
equal to about one day in 300 years ; and, in that age, the equi- 
noctial points may have appeared to retrograde, from the two 
differences, about one degree in 100 years, or thirty-six seconds 
of a degree annually. It is conceivable, therefore, that this re- 
trogradation, as Albategnius and other Arabian writers have 
asserted, may have been suspected by the Chaldeans and 
Egyptians ; but the want of precision in the observations must 
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have prevented eillier people from ariiying at an accurate know- 
ledge of its amount. An uncertainty of half a day, in the time 
of one of the two phenomena observed at an interval of 300 
years, would render the determination erroneous by six seconds ; 
and the Greek astronomers varied, in the value they assigned to 
the retrogradation, between thirty-six and sixty seconds. 

The seasons chosen by different people among the ancients 
for the commencement of the year were different, and seem to 
have been regulated by rural operations and local circumstances 
rather than by astronomical phenomena : we have seen that, in 
Egypt, the beginning of the sacred year was variable^ and that 
of the canicular er agricultural year was fixed either to the day 
of the summer-solstice or to the time of sowing com. According 
to Censorinus*,'somc nations reckoned the beginning of the 
year from the new "Sun, that is from the wmter-solsticc ; many 
from the venial or from the autumnal equinox ; some from the 
[heliacal] rising of the Pleiades and others from their setting : 
he does not say in which of Uie four seasons of the year the 
rising or setting of the Pleiades was su})posed to have taken 
place, and M. Bailly gratuitously assumes that there might be 
some nations which began the year when that cluster of stars 
so rose at the time of the vernal equinox, a circumstance which 
would indicate an age as early as 3900 years B.c., but it is much 
more probable that the commencement of the year was con- 
nected with the rising of tlic Pleiades in one of the two following 
ways ; either wdiat was denominated the beginning of tlic year 
was only meant to signify the time of haivcst, which, according 
to the precepts of Hesiod above quoted, was regi\Jated by that 
phenomenon ; or tlie nations alluded to fiursued a course similar 
to that which was till lately adopted by the natives of the islands 
in the South Seas. “ The tw^o seasons of the year ” says Mr. 
Ellis w€jre, among the Tahitians, dmded by the Pleiades ; 
the first, called Matarii i nia, the Pleiades above; commenced 
w^hen, in the evening, those stars appeared on, or near the 
horizon and continued while, after sun-set, they were seen above 
it. The other season, called Matarii i raro^ the Pleiades below, 
commenced when, at sun-set, the stars ceased to be visible, and 
* De Die Natali, cap. I 7 . ^ Polynesian Researches, voL 1. chap. IV. 
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continued till, in the evening, they again appeared above the 
horizon : in eitlier of the cases above supposed the opinion of 
Baillj. falls to the ground. The civil year was, by the Gseets, 
made to commence with the autumnal, and by the Bomans, 
before the time of Numa, with the vernal equinox. 

Syncellus, and Eusebius, of whom we have above spoken, 
quote from* the works of the Chaldean Berosus three distinct 
cycles imder the denominations of Sossos, Neros and Saros, 
which are said to consist, respectively, of 60 y^s, 600 years 
and 3600 years ; besides which it added that 120 sari form 
the great planetary year or cycle. Josephus also, who perhaps 
drew some of his notions from the w'orks of Berosus, mentions *, 
a period of 600 years which he calls thcjgreat year and which, 
he pretends, was discovered by the patriarchs, to whom he says 
God granted very long life in order that they might be enabled 
to gain a competent knowledge of geometry and astronomy. 
The age in wdiich this Berosus lived is uncertain, and it appears 
that there were at least two persons of that name ; one is said, 
by Seneca, to have been a minister of Belus, king of Assyria; 
another was contemporary with Nabonassar, or with Alexander 
the Great ; and this last, or, it may be, a third, is described by 
Vitnivius as an itinerant lecturer in philosophy who finally set- 
tled at Cos, 

Wlicther the years of the Chaldean cycles are to be considered 
as solar or lunar, or even as days, or whether Biose cycles 
relate to the movements of the planets, can only be surmised, 
nor is there any proof that all the periods are of an astronomical 
nature; but, according to Sir William Drummond**, the. word 
Saros is derived from tlie Chaldean word Sar signifying ro- 
tundity and, also, the moon ; whence it has been supposed to 
denote the lunar cycle of 223 months, or eighteen solar years of 
which w^e shall speak hereafter. What is usually denominated the 
planetary year is tlie period comprehended between two con- 
junctions of the sun, moon and planets in a particular part of 
the heavens, like that which Cicero, in his treatise De Natura 
Deorum calls the great Platonic year, and, like the " magnus 
SiJBCulorum ordo ” mentioned by Virgil in the fourth eclogue of 
• Antiq. Lib. I. cap. 3. ' •* Origines, Book I. Chap. V. 
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the Bucolics. Now if this conjunction were supposed to possess 
the precise character attached hy astronomers^ at present, to a 
conjunction ; which is that the planets should have the same, or 
very nearly the, same, longitude, the cycle would be of immense 
duration ; and some persons imbued with this opinion have sup- 
posed thata period of 49,000years ; others, that one of 29, 760 years 
was referred to : but this kind of conjunction does not seem to 
have been intended by the ancients. It is evident, however, that no 
correct knowledge can be obtained of the duration of such pe- 
riods while, we are ignorant of the extent of the heavens 
within which the planets were supposed to be contained when 
they were considered to be in conjunction ; for this may have 
been a whole sign, orpven a quadrant of the zodiac ; a difference 
which would alter in a vast degree the extent of the cycle. 
Proclus, in his treatise De Sphmra % ascribes to the Chaldeans 
the opinion that, in the great planctarj' period, whatever it may 
be, the universe experiences an entire revolution ; that the com- 
mencement of the world coincided wiUi that of the period, and 
that its destniction would take place when the period should 
be completed ; after which they supposed that all tiling would 
return to their previous state. Aristotle speaking of tliis period, 
which he designates a great year, obsen^cs that its winter is ac- 
companied by a CalaclysmoH, or deluge, and its summer, by an 
Ecpyrosisj or conftagration of the world. The superstition of 
the ancients may be conceived capable of originating such no- 
tions; we meet with Uiem in the chronology of the Hindus, and 
there are traces of their existence even among the inhabitants 
of enlightened Europe. 

Scaliger considers tlic Saros to be the same as the Dodecaeteris, 
or period of twelve years which, as Censorinus observes **, the 
Genetliliaci call the Chaldean year, a period not depending on 
the course of the sun or moon butibn observations relating to 
the supposed returns of good and bad harvests, or of periods of 
health and sickness : and he supposes the planetary year to be 
equal to 1440 solar years, being the product of that period into 
a sssculum, or age, which he makes equal to 120 years. But Le 
Gentil, considering all the Chaldean cycles to relate to the con- 
* Ciq>. 1. ^ De Die Natali, eap. 15. 
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junctions of the sun and moon, has attempted to explain their 
values on this hypothesis ; and, admitting that the Chaldeans 
had assigned to the solar year and the lunar month the lengths 
hfe assumes, he shews that 60 years would contain 742^^ luna- 
tions; and, ten times^ this period, or 600 years, would , contain 
7421 lunations exactly, ^and thus might be formed the Neros of 
Berosus, or the Great Year of Josephus. It is impossible, how- 
ever, Jbo know what proportion, according to the Chaldeani^ the 
solar years and the lunar years bore to each other; therefore 
little confidence can be placed in this ingenious explanation: it, 
moreover, leaves the Saros entirely unaccounted for and, in &ci, 
Le Gentil admits that it is quite inexplicable. 

But when the astronomical tables of the Hindus were Received 
in Europe efforts were made to explain the ancient periods from 
the elements those tables afforded; and M. Bailly has*, par- 
ticularly, laboured to draw from those of Chrisnabouram a 
probable solution of the question concerning the Chaldean 
Neros ; for this purpose he calculates, by them, the mean motions 
of the sun and moon uith respect to tlie equinox, in 600 uopical 
years, tlie length of which he takes from the same tables, and, 
allowing for the movement of the equinoctial points in that time 
according to the value assigned to this element by the Hindus, 
he finds that a certain number of revolutions of the moon are 
accomplished in the 600 revolutions of the sun with an excess 
of 3 minutes only ; whence, he observes, one of two things must 
be inferred, either that this cycle has been formed from the 
tables, or Uiat the latter have been computed from the cycle, 
llie coincidence is certainly remarkable, and may prove that the 
period h^ been formed by a comparison of the mean motions of * 
the sun and moon ; but, while the antiquity of the Hindu tables 
is liable to so much uncertainty, most persons will be inclined 
to embrace the opinion that the last inference drawn byM. 
Bailly has the best foundation in probability. « 

In the same work^, the learned author observes that the 
period of 3600 years, the Saros of Berosus, is often referred to in 
the Hindu astronomy, and he conceives it to have arisen from 
the discovery that, reckoning from the commencement of the age 
* Astron. Indienne, Pise, prelim, page 143. ^ CLsp. X. sect. 15-—19. 
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CaK-Yuga, that numba* of years must elapse before the piigin ' •! 
of the Hindu zodiac would coincide with the equinoctial . . 

The cycle of 60 years is in genanl use in the eastern chrOn<t' ' ■ 
logy, and Bailly conceives that it may have originated in ^ 
observed conjunctions of Jupiter and 3iitum, which occur 
twenty years in parts of the zodiac distant from each other lljfr v 
degrees in longitude ; that is in those' signs which constitute one ", 
of tlie astrolo^cal trigons : hence three conjunctions, whi^*ta^ ' 
place in 60 years, will have been accomplished in all the poiifrs 
of one trigon; and, as tliis division of the zodiac appears to 
hare been vciys ancient in the East, the opinion is not destitute 
of probability. Some, however, have imagined that the Bosses 
of Berosus was a period of 60 days, or two sjmodical rev'olutions 
of the moon nearly, the use of which cycle, according to 
Censoiinus *, prevailed in Egj’pt, and is, we know, still retained 
in India and China. 

^ Besides the cycles abovementioned, three, w'hicli relate to the 
superior planets only, we mentioned by Achilles Tatius ’’ ; that 
writer, after describing the periodical revolutions of tliose planets 
in tiieir orbits, states that Saturn has a jK'riod of 350,635 years 
which, he says, is called the great year ; Jupiter, one of 170,6*20 
years, and Mars, one of 120,000 years, at the end of which 
times tliey return to tlie same, he docs not say what, point. 
Bailly, in his elfort to explain every thing, imagines that these 
periods might have been formed by multiplying the times of the 
supposed revolutions of the aphelia of the planets by tliosc of 
the periodical revolutions of the planets themselves; but the 
products arising from the multiplication of the values now 
assigned to those times give periods which differ very much 
from those mentioned by Tatius, and there is sufficient reason to 
believe that, in the days of that wriUnr, the movements of the 
planets’ aphelia were not even suspected. Censorinus speaks of 
a Chaldean period of twelve years which, he says, was supposed 
to bring on, in regular order, years of famine and sickness : and 
those who have attempted to shew from what phenomenon the 
number was derived have imagined that' it related to one of 
those 'presented by the planet Jupiter which, at the end of 

* De Die Natali, cap. 21. » lugtige, cap. XVIII. in Petav. Urandog. 
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twelv^ years returns neariy to the same configuration with 
rfnpect to the earth and sun. The period which includes nine 
conjunctions of Jupiter and Saturn brings those planets to such 
ifitu^tiotts that, if the first conjunction should occur at the begin- 
ning* of the sign Aries, the last will occur at the end of the same 
and this has been supposed by Bailly to be the origin of the 
period of 180 years which now is, and, probably, ffom ancient 
timefiftfias been in use in some parts of Asia. To conclude, we 
may observe that Bailly has enumerated* about eighteen dif- 
ferent cycles besides those ascribed to the Chaldeans and 
Egyptians ; some of them are apparently luni-solib:, while others 
seem to depend upon the supposed movements of the equinoxes ; 
and he quotes from Censorinus a remark that there was a Great 
Year of infinite length ; whence he infers that some among the 
ancients had arrived at a knowdedge of the incommensurability 
of the periodical movements of the celestial bodies. * 
Great importapce w^as, by the ancients, attached to the know- 
ledge of those cycles which in the Greek astronomy were called 
Exeligma^ and which constitute integral periods of the revolu- 
tions of the celestial bodies ; and it is evident that they must 
have afforded the only means tlien knouTi of computing the 
returns of the phenomena to which they related. In the modem 
astronomy Uicy are quite abandoned, it being more accurate as 
well as more independent, to determine the mean motions of the 
celestial bodies by a comparison of their situations at periods 
remote from each other. These mean movements for years, 
months, days, &c. being reduced to tables, are easily taken from 
thence, and the corrected places of the celestial bodies are found 
by applying the variations to which tlie movements axe subject ; 
such variations have been deduced from die physical causes 
affecting the movements; and the formulaB investigated for the 
purpose of expressing them have also been reduced to tables 
subsidiary to those which give the meanjplaces and movements. 
Tlie formulee and the tables computed from them are corrected 
from time to dme, as obsen^ations axe multiplied and become 
more perfect, and no correction of an empirical nature is now 
admitted. 

■ Aotrem. Ancienne Edairciss* lib. VIII. sect. 16. 
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Hitherto we have only considered the most simple observa- 
tions that might have been made and the most obvious 
deductions jfrom them ; and it will be readily acknowledged that 
such observations and deductions do not surpass the means in 
the power of eitlier tlie Chaldeans or Egyptians, in the ages 
w^hich preceded that of the Greek astronomy. But Geminus 
who is thotight to have lived about one hundred years before 
Christ, ascribes to the former people observations and dedlWtions 
of kinds superior to those of which we have before spoken, and 
such as indicate considerable advances in the formation of a 
theory of the Itnar motions. If w’hat he alleges be correct, they 
must have ascertained the variable velocities of the sun and 
moon, the situations of the“ apsides and nodes of the mooifs 
orbit and the periods of her revolution with relation to tliose 
points. They discovered, he says, that, in eighteen years, or 
6585^* days, the moon had made 2*23 complete revolutions with 
respect to Uie sun; 241 revolutions and 1 Of degrees wdUi re- 
spect to the fixed stars ; 239 restitutions of anomaly, or revo- 
lutions with respect to the apsides or points of her greatest and 
least velocities, and 242 restitutions of latitude, or revolutions 
with respect to her nodes ; but he adds tliat, in order to obtain 
an entire number of days, they tripled all tlie above numbers ; 
and thus formed a new period consisting of 19,756 days, or 
about fifty -four years, in w hich, consequently, tlie moon w^ould 
make 723^^ sidereal revolutions ; 669 revolutions with respect 
to the sun; 717 revolutions with respect to the apsides, and 726 
revolutions with respect to her nodes. The truth probably is, 
that tlie Greeks determined all or some of these periods by 
comparing the times and phenomena of the eclipses observed by 
the Chaldeans or Egyptians with such as were made, in later 
times, by astronomers of dieir own nation : but, as Uie more 
ancient people could have had no other ol/ject in view, in 
making their catalogues of celestial phenomena, than to afford 
tlie means of ascertaining such periods ; it would be unreason- 
able to suppose that they did not, themselves, use their ob- 
servations for a like purpose, though we may grant diat the 
cycles they thus formed were less accurate than those which 
* De Apparentiia Cislestibus, cap. de Mensibua. 
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are above aimoonced. The periods in which the. festitulians of 
the lunar inequalities of motion, in^ longitude, are found to tahe 
place, from the preceding cycles, are as follow: the period of re^ 
stitution with respect to the fixed stars in 27.321 days ; to the 
sun in 29.531 days ; to the moon’s apogeum in 27.553 days, and 
to her node in 27.212 days. And the agreement of these values 
with those found from the corresponding Hindu cycles, which . 
will be hereafter mentioned, is so remarkable as almost to just^ 
a suspicion that the different people did not make the discovery 
of the cycles quite independently of each other. 

The determination of the mean values of these periods, even 
w ithout the aid of instruments for ascertaining directly the place 
of a star or planet with respect to the circles of the sphere, is 
however, a work of comparative facility ; and the method em- 
ployed by the ancients appears to have been nearly the same as 
that which is follow^cd by the astronomers of the present time ; 
the only advantage enjoyed by the latter, in this research, con- 
sisting in a more accurate knowledge of the actual places of the 
celestial bodies, and in a diminution of the errors in the lengths 
of the periods, by being enabled to make comparisons of such 
places after the lapse of great intervals of time. To ascertain 
the time of a sidereal revolution of the moon it would only be 
necessary to obser\ e tw o successive near appulses of that lu- 
minary to some fixed star, which would give an approximate 
value of that period ; then, observing two such appulses distant 
from each oUier by many years, since an integral number of 
such revolutions must have been performed in the interval, if 
that intcn^al be divided by the approximate value, the nearest 
integer to the quotient will be the number of revolutions ; and, 
the whole inten^al being di^dded by such integer, the new 
quotieilt will be the more acciwate value of the sidereal revolu- 
tion. 

By a similar process the duration of a synodical revolution of 
the moon might have been ascertained: for the interval between^ 
two consecutive first appearances of the new moon would af- 
ford an approximation to the period : and two such observations 
made at times very distant from each other would give the du- 
ration with great accuracy. The tw^o remaining periods must 
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hare been ascertained from the registered eclipses of the moon ; 
and Ptolemy expressly states that the ancient mathematicians, 
meaning no doubt the Chaldean astronomers, had made the dis- 
covery of such periods. The revolution with respect to the 
node might easily be found from the registered times of two 
lunar eclipses which arc total and central ; for, in those circum- 
^ stances, the moon must be in or near one of her nodes ; the in- 
terval between two such phenomena, being divided by the 
duration of a sidereal revolution, as an approximation to that 
with respect to the nodes, would give the integral number of 
revolutions of the latter kind in the*interyal ; and hence might 
be obtained the correct duration of a revolution from one node 
to the same. If the place of the moon in die zodiac, at the 
time of such an eclipse, was determined by her appulse to some 
known fixed star, the perceptible changes of her situation with 
respect to the same star at die dmcs of the succeeding eclipses, 
the moon being then also near her node, would shew that the 
node retrograded, or moved from east to west in tlie heavens ; 
and, as, at the end of about eighteen years, a central eclipse 
would again be found to ^take place at the same distamx^ as at 
first from the same fixed star, it might be concluded that a re- 
volution of the moon’s nodes is accomplished in that time. 
Lasdy, if in the registers of eclipses there be found two which 
are equal in magnitude and duration, the velocity of the moon 
being at those times, consequently, e(iual ; it will follow diat 
the moon must, at both times, have been either in the line of 
the apsides, or at equal distances from the apogeum. There- 
fore the interval of time divided, as before, by the approximate 
time of one revolution will give the integral number of revolu- 
tions with respect to the apogeum in that intein^al ; and, from 
thence, may be obtained the more correct time of such revolu- 
tion. The different positions of the moon, wdth respect to the^ 
fixed stars, when she is in the apsides of her orbit might have 
shewn that those points were not immoveable in space, and 
might indicate their velocity and the direction of their motion; 
and though we bhve no direct proof of it, there seems no reason 
to refuse, to the more ancient Chaldeans or Egyptians, some 
knowledge of their periodical revolutions. That the Chaldeans 
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were aware of the inequality of the moon^a motion is sufficiently 
evident since, according to Ptolemy, they held, though we know 
not in what age, an opinion that, in passing from apogeo to 
perigeo, her movement was uniformly accelerated as much as 
eighteen minutes daily ; and in returning from the latter to the 
former point, it was retarded in the like manner : and though 
they were wrong in supposing this acceleration and retardation 
to be uniform, yet the discovery of a variation in the velocity, as 
is observed by La Place is a proof of their sagacity, and is the 
earliest fact of the hind of which we have any knowledge. 

* An argument in support of the notion that astronomy was 
cultivated in the East long antecedently to the origin of the 
Chaldean and Egyptian monarchies has been dra^ from the 
extent of the cycles in which the lunar inequalities are com- 
pensated: it is alleged Uiat, in order to discover by the re- 
currence of like eclipses the time of a compensation, a greater 
number of years arc required than are supposed to have elapsed 
since the epoch of that origin ; and hence it is concluded that 
the first observations must have been made in times much more 
remote. In ^proof of this allegation it is remarked that, besides 
the length of the interval between the nearest recurrences of the 
eclipses by which the compensation of an inequality is deter- 
mined, the regular returns of the eclipses themselves so often 
escape observation, by those taking place below tlie horizon of 
the spectator which, at a previous return, may have occurred 
above it, that many periods must pass over before the length of 
one could be ascertained. M. Delambre observes** that not 
half tlie eclipses which take place in any one period would be 
visible ; and Cassini, in the Memoires de FAcademie des 
Sciences % goes so far as to say that, among all the eclipses 
which have happened within the last 2500 years, there are no 
Itwo of the same kind distant from each other by so great an in- 
teival as one of the periods referred to by Hipparchus ; from 
which circumstances it may seem quite natural to infer that 
many ages must have elapsed, and a very great number of ob- 
servations must have been made to enable thu astronomer, by 

* Exposition^u systeme 4u monde. Note JL 
de rAstron. au 16*"* siscle, page 409. 
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several' coincidences, to conclude that the periods are constant. 
The remarks we are about to make wiD, however, in our opinion, 
afford ground to believe that tlie number of years requisite to 
determine the periods of the lunar inequalities is not, necessarily, 
so great as might at first be supposed. 

Delambre seems to consider that the recurrence of one eclipse 
only, at the lunar apogeum or node, or at the same distance 
from either, is obsen*ed within one period of restitution ; but it 
must be remembered that all the eclipses visible within two pe- 
riods of tlie restitution of one kind of inequality amount to a 
considerable number ; so that among tliem, though the returns 
of some may not, those of others will, be found ; and these are 
sufficient to afford an approximate knowledge of the period, 
which period might be afterwards verified or corrected by the 
observations of similar eclipses at longer inter\*als ; or extended, 
as was done by the Greeks and Hindus, by the sim])lc pweess 
of taking equimultiples of the number of restitutions and of the 
time in which that number was accomplished. We must re- 
mark, moreover, that the phenomena of two like eclipses need 
not agree with the utmost precision, neither indeed is it possible 
tKat they should ; but this agreement is supposed by Cassini, 
when he says that no hv o like eclipses arc to be found in re- 
gisters kept during 2500 years: in fact, however, a near 
approximation to similarity w as sufficient for tlic ancients, who, 
by taking a mean of a multitude of observations, procured a 
tolerably accurate knowledge of any period through the com- 
pensations of the errors ; and of cclij^ses neai'ly similar to each 
other there would be many in a much smaller number of years. 
Let us add that the ancients enjoyed the advantage of a fine 
sky, and that among them a class of men was almost wholly 
devoted to the contemplation of the heavens ; fi'om wliich cir- 
cumstances it may be inferred that, in a given time, they must 
have made many more observations of that nature than have 
been made since the days of Ptolemy; when, till lately, the 
practice of astronomy was less constantly cultivated than before ; 
even now, many such phenomena are lost to us by the vapours 
of our atmosphere which too firequently conceal tlic celestial 
bodies from our view. 
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It is conceivable, therefore, that the two thousand years which 
had elapsed between the Deluge tod the a^e of "Aristotle, and 
the longer interval between that great event and the time of 
Hipparchus, may have sufficed to obtain the number of ob- 
servations necessaiy to determine the periods alluded to by the 
former, and employed by the latter astronomer: it is even 
reasonable to believe that the series of Chaldean observations, 
extending through 1903 years, which are said to have been 
transmitted to Aristotle by his friend Callimachus, consisted of 
eclipses, and occultations of stars or planets by the moon, and 
that the former are those by which Hipparchus determined the 
elements of the lunar orbit ; it is probable also that, from the 
latter, were obtained the periods, relating to the movements of 
the planets, which axe stated in the works of Ptolemy. 
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/ CHAPTER VII. 

ASTBOMOMICAl. MONUMENTS OF THE ANCIENTS. 

Notices concerning the Chaldean and Egyptian Hermes. — Alleged supe- 
jsority of the Egyptian Astronomy.— Sculptured representations of the 
heavens. — The sculptured planisphere in the Temple of Isis at Denderah. — 

Its supposed epoch.— The rectilinear zodiac in the same temple — Sculp- 
tured zodiacs at Esneh and Dehr.— Opinions of M. Dupuis concerning the 
signification of the zodaical consteUations.— The positions of the leading 
signs in the Eg)'ptian zodiacs. — Hindu and Roman zodiacs.— Notices con- 
cerning the Persian astronomy in the Zend. Avesta.— Hypothesis of Dr. 
Stukely concerning the Druidical monuments in Britain. 

It appears that betirecn the time of Ptolemy and the epoch of 
the revival of learning in Europe, if not at an earlier period, 
several books, either genuine or apocryphal, must have been in 
existence, in which mention was .made of the Chaldean or 
Egyptian learning ; for such are frequently alluded to by the 
writers of tlie middle ages, and a certain Hermes, or Mercurius 
Trismegistus, is occasionally quoted as a personage living in 
very remote times, and either as an observer bf the heavens or 
the author of ccitain astronomical sculptures or writings. Jam- 
blichus relates®, on the authority of Scleftcus and Manctlio, 
that he wrote, concerning the theology ^d astronomy of the 
Egyptians, a number of books equal to the years during which 
the thirty dynasties of kings Arc said to have reigned over tliat 
people ; an idle fable from which wc can only infer that many 
works relating to those subjects had been written by different 
persons and were ascribed to Hermes, just as the actions of 
more than one of the ancient heroes were, by the Greeks, attri- 
buted to Hercules. This is so much the more probable as we 
know that the priests of old were frequently denominated from 
the deity to whose* service they were consecrated^; and, con- 
sequently, there may have been many individuals, priests of 
Mercury, bearing that appellation. It is, also, easy to conceive 
that the name of Hermes may have been assumed by different 

® De Mysteriis .figyptiorum, Sect. VIII. cup. I. in Fabrldi Biblioth. Or«c* 
Lib. I. cap. II. 

^ Bryant's Analysis of Ancient Mythology. 
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per^ns merely to procure a sanction for their opinions in philo- 
sophy. by pretending that they were those of a celebrated an- 
cient: such artifices are generally found to be successful, 
because men can hardly avoid being strongly prejudiced in 
favour of doctrines supposed to have descended from antiquity ; 
which, on that account, they regard with veneration, and accept 
as the precepts of a parent. 

The Hermes mentioned by Manetho was, probably, the first 
of the name ; he is pretended to have been an Egyptian, con- 
temporary with, and tlie minister of Osiris who lived about 1800 
years Before Christ : he is also supposed to have been" the 
Buddha of the Hindus, but on no better foundation than that 
the fourth day of the week, among the latter people, is dedicated 
to that deity as the fourth day of the Eg 3 rptian week* was to 
Tlioth or Hermes, and tliat boUi Hindus and Egyptians marked 
tliat day by the symbol of Mercury. Abulpharagius'' names a 
Chaldean Hermes who, he says, lived some years after the 
Deluge, and Alpetragius mentions one to whom he ascribes the 
pretended discovery Uiat the stars have a motion, real or appa- 
rent, whijjh is alternately direct and retrograde. This opinion 
of two opposite movements in what are called the fixed stars is 
known to have been entertained in the fiist century of the 
Christian era, and if the Heimes here S[)oken of be not a fictitious 
personage, he very probably lived about tliat time. In the 
Philosophical Transactions for 1694, the longitude of Aldebaran 
is alleged to have been observed by Hermes, and, from the 
position assigned to tlie star, it would appear tliat the obsen^a- 
tion was made above 3000 yeais Before Christ; but, as no 
authority is given for his assertion by the writer of the article, 
it is impossible to form any opinion of its truth or falsehood. 

One of the Hermes appears to have been the author Of a 
work which was esteemed of high importance by the priests of 
Egypt, and, probably, contained the jules for determining the 
times of celebrating their religious festivals : this we leam firom 
Clemens Alexandrinus, who lived in the second century of our 
era, and who, in describing the persons attending in the pro- 
cessions made in honour of Isis, stales** that one of them, d0- 
• Historia Dynastiarum. * Suomata, Lib. VI. 
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nominated the Scribe, was acquainted with tlie hien:)g^j|£Ncs 
relative to cosmography and geography, and to the courses of 
the Sun, moon, and planets ; and that pother, named the 
Horoscope, was skilled in tlie four Books of Hermes on astro^ 
logj^ and astronomy ; the first of which, he observes, treats of 
the order and disposition of the universe and of the five planets ; 
the second, of the conjunctions of the sun and moon, and tlie 
two otlicrs, of the risings of tlie stars. And to the same Hennes 
or to some miter who, subsequently, bore his name, the Arabian 
astronomer Ibn Jounis has ascribed a treatise on shadows, pro- 
bably meaning tliosc of a gnomon, which were so long and 
generally used to dcteimiue the times of the equinoxes and 
solstices. We regret the impossibility of fixing the age in 
which any one of these philosophers flourished, and ai’c com- 
pelled to observe in conclusion that tlie subject is involved in 
impenetrable obsemity. 

The science of the Egjqitians was considered, by Herodotus, 
superior to that of any other Eastern people of his time, but he 
only alh^ges two circumstances in support of the opinion ; one 
of which is the remarkable ' and, s('emingly, irratiqnal story 
related to him in a conversation witlx some of the priests, tliat in 
11,340 years the sun had four times changed the place of his 
rising, having twice risen where, now, he sets ", nieojiing, probably, 
that there had twice occurred a rising in the west alternately 
with one in the cast : and tlie odier is Uie discovery that the 
year consists of 363 days. The first of tlicse, wdiich is, also, 
alluded to by Pomponius Mela**, though the author assigns to 
tlie period 13,000 years, may, if it have any meaning, admit of 
explanation in two different ways. M. Dupuis, who labours 
^utli all his might to support tlie opinion tliat the Egjqitian 
astronomy had its origin in a most remote antiquity, takes for 
real the long period wdiich the recital of Herodotus w^ould appear 
to give to the existence of the monarchy ; and, assuming that 
the period is nearly equal to half of that in which the fixed stars 
seem to make a revolution in longitude by the rctrogradation of 
the equinoctial points, though in the account given by Herodotus 


* Euterpe, cap. 142. 


^ Pomp. Mela, Lib. T. iEgypt. 
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it it above sixteen hundred years, he supposes* the 

relation t^ be founded on the change wMch, by that half revo- 
lution, is produced in the positions of the stars with respect 
to the colureg. lliese circles dividing the zodiac into four 
quadrants, denominated by some ancient writers, the east, 
south, west, and north, the stars which, at any epoch, occupy 
the eastern division, will, in the course or half a revolution, 
occupy the western division, and so on ; consequently the sun 
which, at the first period, rises and sets with certain stars, will, 
at the second, rise and sot with those which are diara^trically 
opposite : and Dupuis conceives that the Egyptian priests may 
have intended to express this circumstance, in their enigmatical 
language, by saying the sun had reversed die place of his rising 
and setting. 

A very different interpretation of the w'ords of Herodotus, and 
one which to most persons will doubdess appear far more 
reasonable, has been lately ofiered by Dr. Renwick in a letter to 
Captain Sabine, wdiich was published in the Journal of the 
Royal Institution for May 1B31. This is founded on the sup- 
position Xliat the period referred to by Herodotus or Mela 
signifies the duration of one Solhaic cycle and half a cycle ; that 
is 2190 years : Dr. R. obsen es diat, at the commencement of the 
cycle, the sun would be in the constellatiou Leo at the time • 
of die heliacal rising of Siiius ; dial, after 730 sacred years, he 
woidd, on die same day of die [vague] year, be in that part of 
the zodiac which is in opposition to Leo ; and, consequendy, 
would rise widi a constellation wliich, at tiie beginning of the 
period, w as setting at the time of his rising ; at the end of the 
cycle he would rise and set with Sirius as at first : and, after 
another 730 years, he would again rise with die opposite con- 
stellation. The only difficulty in the way of this explanation is 
die substitution of 2190 years for 11,340 or 13,000 ; but, if we 
suppose the latter to have been years of two months eaeh, the 
agreement would be sufficiendy close. Herodotus states that 
the period included between those pretended ch£u;iges of the 
sub's place of rising extended firom the reign of the first king of 
Egypt to the time of Sethos, a priest of Vulcan ; now the latter is 
Memoirs du Zodiaque, p. 37 - 
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said to have lived about the year 700 B. c., and this fact would 
place the reign of the first king of Egypt in the yeaiv2800 B.c. 
an epoch which is, probably, rather too remote. 

The observation of Herodotus, that the year discovered by 
the Egyptians consisted of 005 days, must be understood to 
imply, merely, that these people were the first to employ the 
annus vagus for religious purposes, and not that, in the time of 
the Greek historian, they were unacquainted with the fact that 
an additional quarter of a day was included in the length of 
their agricultural or tropical year; since, as we have already 
shewni, there is sufficient reason to believe that the latter measure 
of time had been much more anciently in use among them. Of 
the observations made on .die celestial bodies by the Egyptians, 
not one has been preserved luilcsswe consider as such the seven 
heliacal risings of Sirius ascribed to them by Ptolemy in his trea- 
tise on the calendar : the first of w hich, if* Uic account may be 
credited, took place four days after the summer solstice, and, cou- 
se quently, about the year 1940 Before Christ : even tlie notices 
of such eclii)ses of llie sun or moon as 'vve cannot doubt they 
observed eitlier w^ere not in existence in the time of Ptolemy or 
were overlooked by that astronomer, since he has had recourse to 
those of the Chaldeans in order to obtain data for his investi- 
gations concerning the orbits of tliosc lumiiic'mes. l^a Place is 
in dined to think * that the priests of Egypt might have been 
jc^ous of the school at Alexandria, wliich had been founded by 
the Ptolemies ; and therefore, withheld from the astronomers of 
that establishment w hatever knowledge they might have pre- 
viously acquired: while Delambre shrewdly remai'ks tliat, as 
men seldom conceal what w^ould enhance their reputation, it ia 
very probable that the priests had notliing of importance to 
communicate, and lliat they concealed their ignorance under an 
affected reserve. ‘But neither of these opinions can be qptirely 
just ; for the Egyptians could not have observed the heavens 
during so many ages without making many discoveries, • nor " 
could Ptolemy have been ignorant of the contents of such works 
on astronomy as those , ascribed to Hermes, which appear to 
have been generally known about his lime ; we must, therefore^ 

* Predft de Thistoire de rAstronomie, Chap. 1. 
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asc£ft)e bis silence respecting the science of the Egyptians to 
some other cause, which, perhaps, may have, . been, that the ob- 
servations of more ancient date than those he employed were not 
accompanied by details sufficiently precise to serve the purpose 
he had in view. 

Some of the sacred edifices of the Egyptians, Hindus and 
Romans are found to exhibit striking proofs of the importance 
which these several pe6ple attached to the science of astronomy, 
in the representations of the heavens sculptured pn their ceilings. 
Either the figures which designate the constellations were con- 
sidered fit subjects for a display of taste in one of the fine arts, 
and the idea of ap])lying them in such situations arose firom a 
supposed correspondence of the ceiling of -an apartment with 
the visible surface of the vault of heaven ; or, as the celestial 
bodies were objects of adoration in the East, such represent- 
ations were considered of .use in exciting the devotion of the 
people : whatever may have been the leason of this remarkable 
practice, it probably originated in Egypt where, alone, the 
existing specimens betur, in their execution, marks of an atten- 
tion to scientific principles. Tliough the precise age of these 
Eyy'ptian sculptures is very doubtful, and though we have 
reason to believe that they are not so ancient as tlie disposition 
of the figures in them seems to indicate, yet that similar works 
were executed, in veiy^ early times, in tliat country, is highly 
probable from tlie account given by Diodorus Siculus of , a 
Golden Circle in the tomb of Osymandius, which, he observes, is 
the most magnifi^nt of all the sepulchres of tlie kings of Egypt. 
The circle, he says *, w^as one cubit thick, or broad, and 365 
cubits in circumference : it was divided according to the number 
of the days of the year and was inscribed with the subjects 
professed by the Egyptian astronomers ; in which it has such a 
marked resemblance with one of the representations about to be 
described that little doubt can be entertained of its nature, 
though some late astronomers seem to have taken it fiir an 
instrument used in making celestial obseivations, Diodorus 
adds that the circle was reputed to have been taken away by 
Cambyses when he conquered the countr 5 \ 

* Biblioth. Hist. Lib. I. sect. 46. 
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The most important of the sculptures lately discovered in 
Egypt represents, apparently, the whole of the visible heavens 
on a plane surface, i^ithin a circular margin ; and was executed 
on the ceiling of an upper apartment in the Temple of Isis at 
Denderah. On the same level, and on the opposite side of the 
building, is another apartment also decorated with astronomical 
emblems, but having no roof, and seeming, as M* Letronne ob- 
serv’esj.to have been intended as an obsen^atory from whence tlie 
sculpture in llie before-mentioned apartment might be verified by 
an actual inspection of the heavens. By M. M. Jollois and De 
Villiers, the authors of tlic Recherches sur lea Bas-reliefs Astro- 
rtomiques des Eijypiiens^ in the Memoires de V Institut •, the 
planisphere is supposed to be a projection of tlie northern 
celestial hemisphere on the plane of the equator; the twelve 
zodiacal constellations are easily distinguished on it by their 
resemblance to those on a common globe, and follow each other 
in Uie order at present assigned to them except that Cancer, 
instead of coming between Gemini and Ltso, is placed above Uie 
latter towards the centre of the sculpture : tliis displacement has 
caused the figure to be taken for the mythological scambeus or 
beetle, the symbol of deity ; but as, here and elsewhere, it has 
eight feet wliile the beetle has only six, there can he no doubt 
that it represents a zodiacal constellation. Ail these figures are 
contained within an annular band, wln)se centre is in a line 
drawn through that of the planisphere, or the pole of the world, 
and through both Cancer and Leo, which, o^ all the zodiacal 
constellations, are those nearest to lliat pole. It would seem, 
therefore, that this line must be the projection of the solstitial 
colure ; and, consequently, that the planisphere represents the 
state of the heavens at the time when the summer solstice was 
either at the commencement of Leo or at the end of Cancer. 
But M. Biot, in his M^moire sur h. Zodiac de Denderah^ does 
not allow the planisphere to’be a sterCographical projection of 
the heavensy and he alleges, in opposition to that opinion, that 
the ecliptic, a great circle of tlie sphere, lies wholly within the 
primitive, or circle bounding the representation, which is con- 


* Sect. I. Chap. 2. 
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traiy to tlie principles ofctliat kind of projection : the ingenious 
authors of the S^cherches. admits also, the inaccuracy of the 
construction, because a circle described about the centre of the 
sculpture, which is the pole of the world, passes through the cen- 
tre, or pole, of the ecliptic and touches, at a point diametrically 
opposite, the interior circumference of the annulus occupied by 
the zodiacal figures ; whereas in the heavens, or in any such 
projection of the sphere as is here attempted, one of these points 
ought to be twice as far as the other from the pole of the 
world. 

The opinion proposed by Biot is that the sculpture represents 
a development of the whole sphere, formed by assuming a certain 
point as the north pole of the equator and drawing radii, from 
that point as a centre, equal in length to half the circumference 
of the sphere, so that the circumference of the exterior bouiidnig 
circle, or primitive, may be considered as the pole opposite to 
that in the centre of the planisphere. In support of this hypo- 
thesis Biot sliews that if the mutual distances of the four stars 
Arcturus, Antarcs, Fomalhaut and 0 Pegasi be determined tri- 
gonometrically on the monument, by means of their measured 
polar distances and differences of right ascension, and compared 
with the distances of the same stars, found from tlieir known' 
longitudes and latitudes ; the diflercnces bctw'cen the results of 
the computations for any two of the stars wdll not exceed 2"* 41', 
and a nearer correspondence could hjirdly be expected ; besides 
wdiich, it may be obsei-ved that this kind of development would 
most natundly present itself to tlic mind of any one who sought 
to rej)resent, on a plane, the visible concave surface of a sphere, 
before the matlicmatical theory of projections was invented. To 
detenuinc the epoch of this interesting monument, the author of 
tlic hypothesis calculates the position of its pole by tlio com- 
puted distance betw^cen two of Uie four principal stars above- 
mcutioiied and tlieir distances from the centre, found by mea- 
surement ; and he finds the pole to be midway “Ij^tweeu the 
stars & Ursae Minoris and * Draconis, a situation w'hich indicates 
the year 716 ^efore Christ. The probability of the epoch thus, 
determined appears to be strengthened by Uie fact that near the 
place where, by calculation, Biot finds the equinoctial colure, is. 
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a smaU Harpocrates sitting on a lotus laaf^ and mthin this 
he finds the place of a Hscium which, about the year 700 Before 
Christ, rose with the vernal equinox, and may have served as an 
indication of the lime when that point was in the horizon,, a" 
circumstance, of some importance in the ancient astronomy and» 

, therefore, very likely to have prompted the artist to mark thiit 
point of the heavens by some appropriate emblem. * Plutarch, 
in his treatise De Iside et Osiride, states that the Egyptians 
r^resented the return of the sun towards the summer solstice 
by a child issuing from a lotus plant, and this also may be con- 
sidered as an argument in favour of the opinion that the above- 
mentioned figure was intended to represent the place of the 
equinoctial point. 'Die position of Sirius is found, by computa- 
tion, to be in the stem of a lotus plant on the top of which is a 
hawk, the symbol of the deity ; and this stem is in the direction 
^of that diameter of die sculpture which is parallel to the longi- 
tudinal axis of the temple and on the northern side of the centre. 
No star is spulptured on this plant but there is one very near it 
between the horns of a cow, the emblem of Isis, to whom Siriim 
was consecrated ; and hence it is supposed, by Biot, that this 
figure was intended as the representation of the star Sirius, or 
of the constellation Canis Major. Die head of the cow is near 
the feet of that figure which he considers as the emblem of 
Caqcer ; and he concludes that this disposition of the figures 
has some allusion to the simultaneous heliacal rising of Sirius 
and the stars near Cancer, which took place in the age he has 
assigned as the epoch of the monument. Die line of the sol- 
stices is placed accurately in the direction of the meridian, the 
summer solstice being towards die north: and a line drawn 
through the centre of the planisphere, parallel to the length of 
the temple, is inclined to the meridian in an angle of about 17^ 
eastward of north. Die heads of all the figures are in the 
direction of the diurnal motion of the heavens, and the figures 
^Uow each|(>ther in the order of the signs. 

Die displacement of C 2 (,ncerand its introduction above Leo 
may have been intended to shew that, at the gpoch of the 
monument, the summer solstico was on the confines of both 
those constellations; and the hawk-beaded human figure situated 
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Gisnifii imd Leo pesrhapt 

< whie& aecoutit It nmy hsem b^ ma^ te 

i"i||^j^biee of fbe constelktioii itael^^ Suzuixy ofl^ t^aanai^ aio 
; between iignres soilptuied <m Ibe Egyptian pla&i^' 

^ jsjj^ere and tbe ccmsiellaticms we have received from the (^eeks^ 
Iv^h Biot endeavoum to reconcile by supposing, eithmf that' 

^ the emblematic figures have been occasicmally substituted fyr 
- the^ constellations to which they* refer, or that an attempt ha|i^ 
been made to express the positions assumed by the latter 
respect to the meridian and horizon: thus he imagines Ursa 
Major to be figured by the emblem of Typhon, and the Ship of 
Argos, or rather of Osiris, by two human figures with birds* 
heads and certain emblems ; for under the feet of Sa^ttarius, 
and diametrically opposite to them, in the sculpture, is the figure 
of a ship accompanied by the like emblems; and, hdnce, be|j 
considers that these figures have a relation to each other, which 
he explains by the fact that, at the time of the supposed epoch 
of the monument, Sagittarius and the Ship came on the meridian 
^ethcr, the former as much above the horizon as the latter was 
below it, so that the Ship must have appeared to. be under the 
feet of Sagittarius. Groups of stars towards the circumference 
of the planisphere, and in the direction of a line drawn through 
its centre and the true places of the Pleiades and Hyades, are 
supposed, by Biot, to represent those clusters. The position of 
this temple seems to have been fixed on by design, for its south 
and north feces ore directed to a point situated about 17*^ SO' 
southward of the east point of the horizon, which, about the 
year 700 Before Christ, is precisely the point where Sirius must 
have appeared to rise. 

In the ceiling of the portico of the temple at Denderah is a 
representation of the signs of the zodiac in two rectangular 
bands parallel, and nearly contiguous to the side wall : on the 
right hand, beginning at the front of the portico, is Cancer, next 
follow in succession towards the naos of the temple, Leo, Virgo, 
Libra, Scorpio, Sagittarius and Capricomus ; then, on the 1^ 
hand, proceeding from the naos towards the front of the portico, 
are the remajnmg five signs. Between Pisces and Aries is the 
figure of a hog which probably is not to be considered as one of 
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t ^la Idtid of ftpiitml wo$ led oat to eedc vito .food ia. the fieUe } 
and {mmllel to eaoh of foe tw^o beads is aoefoer comis^&Bg tii 
£gii!^ in boats, which represent foe soufoem katiaeodiacsl^^ 
stellations* The figure of Cancer is placed bdow foe lineof 
foe other six signs, and in foe place which it shotdd hgVe 
occupied is a head of Isis enreloped in foe solar rajs^ which 
M. Fooxrier supposes to indicate that, at foe epoch of foe mo- 
tniment, Sirius rose heliacally when foe sun was in Canc^. 
Now about foe year 2500 Before Christ, Sirius rose heliacally 
in Egypt on foe day of foe summer solstice, when foe longitude 
of the sun exceeded that of Sirius by 48"^ 30' and foe luminary 
was in conjunction with Begulus; and about foe commencement 
our era, foe same star rose heliacally eighteen days after foe 
solstice when foe longitude of the sun differed firom that of 
Sirius by 31^°, and was nearly the same as that of the star 
M Leonis which is now considered as marhing foe commence- 
niCTt of this constellation or the eastern extremity of Cancer : it 
follows, therefore, that in all that interval, which comprehends 
foe duration of the Egyptian empire, the sun must have been 
within foe western half of Leo, at the time of the heliacal rising 
of Sirius, and could not have reached Cancer unless foe bound- 
aries of those constellations have been changed since the epoch 
of the monument : this is not unlikely, bulk Biot supposes foat 
the artist intended merely to express the simultaneous rising of 
Sirius with some of the stars of Caucer, which certainly took 
place within the above-mentioned intervaL 

Besides the sculptures at Dendmrah two other representatidns 
of the zodiacal signs have been discovered in Egypt, one of 
which is on foe ceiling of foe portico in firont of a temple at 
Eoieh and foe other, on foat in firont of a small temple at Dehr 
near the same city. Towards foe right hand, on entering foe 
portico at Dehr and beginning with foe front, the first sign is 
Virgo, thoQ fidlow libra and the rest, in order, to Aquarius ; <m 
foe left hand, foe first sign next to the naos is Ftsees and foe 
last, which is at foe firont of foe portico, is Leo. Over foe lion 
is a twisted serpent which, if intended to represent the sun^ may 
indicate that tlm luuunary was in this eonstellatimi at foe end of 
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Dmd«ni^ tiie;iHnns^;ame^ ai {he %i»0ii is iw^eqnlta^; 4^ i^> 
ovdevof l^Mi^mthe.be8veB»; 

being <be bading ccHurti^atioay and Virgt^ in odneri.. ib|4|i|a 
oei lrog of ^ poetico of tite great temple at &bi^ the zodiaoal 
agpB axe in tnro pazalld and oeaily ccmtigiVHU baada, tnrtimdiiig, 
between two rows eoiosms cm tbel^handndeoftbepoxtiooi 
on entering. The order of the figuiea is oantcaiy to that in the' 
other teanples, and to the order of the signs in the hesremi. M 
^hsnx havuig a lion’s body and a woman’s head is the rign- 
nearest to the front of tho portico and die ft AtMttAllaj^:i^g fcdloWp ' 
in ordcr^ towards the naos, those in this band ending mth 
Aquarius ; in the other band, the first constellation is Pisces and 
the others follow in order towards the firont of the portico, bnt 
after Leo come two human figures with lions' heads, a circum- 
stance which, taken in connection with that of the sphinx in the 
other band, has given rise to an opinion that the division of the 
series of signs in the two bands was intended to take place in 
the middle of Leo ; and the opinion is strengthened by the ex« 
istence of a small seaxabeus between Leo and Virgo, denoting, 
probably, the presence of the sun in the former of these con'« 
stellations at the commencement of the year. 

The principle laid down by Dr. Young in determining the 
epoch of any monument from the astronomical symbols it may 
contain, is that those symbols represent the state of the heavens 
with respect to the season of the year at the epoch sought ; and, 
in applying this principle to the problem conceniing the anti- 
quity g[ the Egyptian zodiacs, Dr. Young first assumes that the 
place in the heavens occupied by the sun at ike commencemaut . 

the aumtsmgus retrograded through one sign in about 119 years, 
or through the whole zodiac in 1424 years, (a period founded 
a comparison of the Egyptian, with the sidereal year ;) and th€% 
considering that the fotm^ began on the day of the autuinaal 
equinox in the year 120 b.c. (130 b.c.) ; it follows that Virgo 
must have been from that time till the riteventh year b.c« 
leading sign of the zodiac, or the rign preceding that in whidi 
the sun was on the first day of Thoth ; that libra must ha^e 
bemi the leading sign fix>m the year 249 b.c. to 130 b.c. md so 
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OB, xcii^oi^ badnmdi ivliik ‘Le»wHdd .lutf« bM8l}t»kMU 
tognga.£r6ra 11 Bx.toi08A.c. OaatMSer^finmdieacetollie jw 
897 A.c.and8o OB. ZflU« celebnliedaad kamedantiquai^lMid 
cmnpaied the Egyptian wilih tlie tro^cal yoar, whtdi wcndd aacaai 
to hare been a mofe ecnrect me&od, tlie contBuoaoeoieDt of iite 
owMiw vagm would bore retrograded thioaj^ om ngn in idioBt 
18^5 yBars, and llmmgli tin eeliptie ia 1500 yean. 

But, according to Dr. Young, IB the aodiacAofDeadetah, we 
ti^ Leo to be the leading sign, the corresponding qwch of the 
montunent will be between the year II b.c. and 108 ajC., nr in 
an age earlier by 1500 years, or by some moHiple of that number 
of years. And, in the zodiac at Emeh, if we take Pisces to be 
the leading ugn, the epoch would be about the year 800 B.<;. ; 
if we take Virgo, it will be the centmy immediately preceding 
the commencement of our era, or 1500 years earlier. 

Before the discoyeiy of the astronomical sculptures in Egypt, 
an unfounded opinion that the twelve signs of the zodiac, which 
wore supposed to have been invented in that country, rqiresmit, 
allegorically, the agricultural labours peculiar to each of the 
twelve months of the year, led M. Dupuis, in his treatise on the 
Origine des eulies\ to enquire what position of the coluiea 
would {godnce a correspondence of the seasons with the zodiacal 
sigiu ; and he finds that such correqiondence would take place 
if the summer solstice were to pass ttu’ough the eastern stars m 
the assemblage which forms the constellation Capricomus. IMs 
position of the colure is supposed by him to determine the time 
whra the zodiac was first divided, which, according to the 
known movement of the solstitial pdnts in lonjptode, would be 
about 15,000 yean before Christ. But the bdief of evmx the 
ezastence of man during the long interval between this pmiod 
and that of the earliest records, requiring too great a measure of 
credulity, the author of the hypothesis changed, as it is said, his 
idea and sapp<»ed the junper name of each rign to faaive..been 
given, not fi»m the character of the ccmstdlation occuined 
the son in any particular month, but fi»m that of the oimstdb* 
tion - diametrically opposite to this, and aaofflsdix^; abov 0 t&e 
horizon at the time of sun-setting. Urns when the son has 

• Tom. III. 
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tim will'be seen luang end, theav&jM^ ^ iaiil^:igaiomr 
natioD may lia;re.inii&sted tlie equality is di^ 

end nii^at die coimiiieiu:eaa«it oTihe springy qaaalerra eieeaae- 
stance to idiiclt Aries has no refeience's this aiqiporititoi, enffi' 
diendy teaacmable in itself receiyes aridiriomd streng^'fraai &». 
pnurtice which has heea found to ptovaSl aaaoi^' the j^4wdMi sad 
Cihiaese, of denominating ti» diTirioas of then zodiacs in a «- 
ntilar manner; and, if admitted, it would thence foOow tiutl^ 
since the summer sdstice must hare corndded with the eastern 
etars of Cancer, the ori^ of the Egyptian zodiac ndght he 
fixed at about the year 2000 before the Christian era. Sudi is 
the position of the colure in the circular planisphere at Deude- 
rah ; and the eolure of the zodiac at Ddir being supposed to 
pass through the western stars of Virgo, the epoch of tfass monu- 
ment would be about 2000 years earlier. 

But M. Biot, in the work above quoted % having determined 
the porition of the pde of the world, in the planisphere at Den- 
derah, to correspond with its place in the heavens about the 
year 713 Before Christ, takes this for the period to which the 
view of the celestial sphere represented in that monummit be- 
longs ; then, by an ingenious argument founded on the porititms • 
■of the longitudinal axes of the three temples with respect to the 
meridian, he accounts for the difference in the situations of the 
leading signs in all the zodiacs, and arrives at the condusion 
: rhn.t these monuments have nearly the same antiquity. He ob- 
serves that, in the circular plani^here, the meridian line, 
which deviates fiom the longitudinal axis of the temple about 17 
■degrees eastward of north and passes through Cancer and C^- 
priccnnus, divides the zodiacal signs in such a manner, that the 
oommencemmit of Leo is on the southern <x upper ride of the 
mfw iitiim with respect to the horizon ; the wesimn rigns appear 
to be descending towasrds the northern or inforior side, and tito 
other six rigns to be ascending; and this is the order in whkeh 
the si gns are placed in the portico of the same tenqde,whare the 
^fam ri gns proceed towards the naos as if to miter the tem^, 

• Page 12C. 
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others hsra'tiieirlMids tami^i^iftweonteMy 
■tttifidi^ir^ftiittbgit. . ■ '^ 

BirtSa^ in^awidiBi qdw roMDendenith, ajjpe dii w alh w w il^ 
ihe centre of Hie mcaler Bod|uj sod ' halm akm in wludi 
Sirius is placed be tamed m tbe diiectieii of Hie knigitiMfaal 
axis «fH») temple at Ddir, wMch deriatea Hxma ^ naondiaii 71 
degrees eastward of north, Hten a nwiic&m Ime, dra wn Hanm^ 
the centre of the sodiac, wiB divide Hie ague so Hat Vlige ap> 
pears to be culminating, mr on the southern ade ofHw maidiaa; 
Hie western^ or descaiding agas, begin wiHr this ami mid wiHi 
Aquarius ; and the ascendiiig signs begin with Fisoes and end 
with Leo ; which is precisdy the arrangemmit of the constdla- 
tions in the portico of the temple at Dehr. LasHy, if Hie lotus 
stem in the drcnlar planiqihere be turned in Hie direction of the 
temple at Esneh, wUch deviates from the meridian 47 degrees 
eastward of north, the middle of Leo will be on tbe sonthem 
side of the meridian, so that half of this constellation will appear 
to be descen^g and the other half, to be ascending, agreeably 
to tbe disposition of the figures in the rectangular zodiac of the 
temple at Esneh. 

As it is scarcely probable that these coincidences are accidental 
we may, perhaps, be allowed to consider them as argummits in 
fitvouT of the hypothesis proposed by Biot, and to conclude that 
the intention of the artists who executed the different zodiacs 
was to exhibit a represmitation of the heavens about that hour 
at which Sirius arrived, by the diurnal motion, in a vertical 
plane passing through each .temjde. But though the epoch of 
an tbe monuments be thus referred to about the year 700 B^bre 
Christ, Hiere are prods that the temjdes themselves are of much 
more recent date. M. Champollion the Yonngmr has recog- 
nized, in the contour of the drcular zodiac at Denderah, the 
charaetoB which express the word Autocrat ; M. Letronne, dso, 
and M. Chm have discovered, in the porticos of Hie sametmnide, 
and of and of Hiose at Esneh, inscriptions -showing -Hiat the 
fattuex was built in the time of Tiberius; and Hie lattor, during 
Hie reigns of the Attfemines. Architects have, besidea, otiamved 
that the temple at Dendertdi is butit upon the foundation of one 
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Ihe wailstaxes lae under Ibe iiecesafy ^ I|h^ 

sdast^’^dbooiBlioas luwre been fieai nji^nis 

JsBid, rrj^Hdi inay'be«ippefled to Itave esMted.iOAvt^orif^ 

edtficeSkT ..„ .j,.,;,., 

M.|PoaRier, in hk Description de VEgppte^ «o^k>sos tbat tibe 
fifoses of Kon«^ vbicfa so often occur anuaiig the.fai^rog^j|iibiei 
and statues ed>oik the temples of tliat country, were intended to 
ciHnmmoiate the presence of the snn in Ihe otastellaticmi 
)<Hi the day of the snnuner-sidstice ; and^ th^ as^ead^ 

t» 2500 yea» Before Christ the sun, on that day of the year, 
had left: Leo to enter into Cancer, he infers that those .temfdes, 
mentioning particularly that of Isis at Phihe (the appropph to 
which is cmiamented with rows of lions) must have beoi built 
previously to that time ; but as the supposition is gratnitons, 
and we have seen that the sun was in 1^ at the hehacal riang 
of Sirius in Egypt dining all the time the empire existed, the 
inference drawn by M. Founier falls to the ground, and the cor- 
respondence of the emblems with the phenomena holds good 
tor a period much later than 2500 years before the commence- 
ment of our era. 

A taste tor astronomical ornaments must have anciently ex- 
isted in Persia and India, to the latter of which countries it .was 
probably brought at some period when the rdigion and learning 
of Egypt wmre extensively diffused among the nations of the 
East. A marble monument, supposed tc^lm a Chaldean zodiac, 
having on one of its faces a solar orb wim A large serpent, which 
may be conceived to be that of Ophiuchus, besides several otirm: 
figure appearing to . represent constellations, has been dug out 
of the ruins of a palace on the banks of the Tigris near Bag- 
dad *. And in the Philosophical Transactions for 1772 . is 
inserted a letter from Mr. Call to Dr. Maskelyne containing ^ 
descriptkm of a zodiac which the writer had seen in n tcapple 
near Cape Comoiin. It is stated to condst of twelve constABa- . 
tions, di^osed on the tour sides of a square in the centra, of 
v^ch is the figure of a man having his hands J<Hned.Aa in 
prater. The constellations resemble those which we have K- 
* JHanilce, Appendix to the Bt^nt of Bsbjfioa. 
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ooe figisne, which is that of a man havii^ a htiekler on ^ii&^||hxk9 
and that Captiobm is repx^esasited by a ram aad a 
may be observed, and Che okcumfi^tance may be coiiid;|^^ as, 
an argument in favour of the antiquify of the monazofflVwam 
probably the original figures by whose mriim that pf 
constellation was formed. The near resemhlanee of the Egyp*-* 
ttan or Greek zodiacs to that of the ancient Hin<hls and^ 
consequently, the fact of an ancient commnnicatkm between 
these people on the subject of astronomy is farther 'proved firoim^ 
the MS. of Aben Ezra, in which, according to Sealiger, in his 
notes upon Manilius, there is a description of a Hindu zodiac 
resembling that seen by the English traveller just mentioned, 
but w'antmg the sign Scorpio, and having a fisherman in the 
place of Aquarius. 

Sculptured zodiacs, by Greek or Roman artists appear, also, 
to have been executed during the existence of the Western Em- 
pire, probably in imitatiou of some of tliosc in Egypt. The 
most interesting of these is that discovered by Messrs. Dawkins 
and Wood on tlie ceiling of the temple of the Sun which was 
built at Palmyra in the age of Antoninus Pius or of Diocletian. 
In this monument the twelve signs are disposed in the circum- 
ference of a circle, but they appear to be moving in a direction 
contrary to that of the constellations in the heavens, as if a mere 
taste for variety in ornament, rather than any scientific principle, 
had been consultecL^ the execution. In the M^moires de 
V Academic des for I 70 B, tliere is a description of an 

ancient planisphere which, like the last, is evidently ifbthing 
more than a fanciful decoration ; it was found among the ruins 
of Rome and represents the northern hemisphere, w'ith Uisse 
Major and Minor and the figure of a scr[)ent in the centre ; and 
having' about it the signs of the zodiac three times repeated, in 
as many concentric circles. 

The astronomy of the ancient Persians appears to have been 
a branch of that which, from the countiy of the Chaldeans, ex- 
tended itself at some unknown but remote period to Egypt and 
Europe on the one side, and to India and China on the o&er; 
and the occasional notices concerning it, which occur in the 
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hmeoB ma of lii|^..ai^iiily.ia 4liie teititaiinBtai* 
jftuiediately on - easts of £btit- k,. aatiii natteli 

considered as 'tiie birHi-plMie ctf tibe maeBoei Has 
v«^ is asmbed to a certaia Zoroaster of wbom no oibev par* 
iSk^lli^^ye reached us than that he was a great kgislatca aad, 
peiia^ the soyereign of that part Ask: the tme of las ex- 
istence, also, is as uncertain as that of the Egyjrfian Hennes ; 
and, probably, the luone of the former as wdl as of the latter 
has, at different times, bemi applied to different individnals, 
since by some he is made a contemporaiy of Bdus, by others, 
of Darius Hystaspes. 

In the Bfpadehesch, a work ccmtaining the cosmogony of the 
Parses and sup]K>sed to have been written by Zoroaater, it is 
said that Ormusd formed Uie light between the heavens and the 
earth : that he made the sun, mo<m, and stars, and divided the 
lattar (probably those near the ecliptic) into twdve crmstdla- 
tions. Each star in the zodiac is said to be seconded by 
6,480,000 smaller stars, and all these are represented as soldiers 
ready to make war on the enemies (of Nature). Ormusd, it is 
added, has also placed, in the four quarters of heaven, four sen- 
tinels to watch over the stars ; of these Taschter guards tiie 
east; Satevis, the west; Venana, the south, and Hafforang, 
the north ; there is said to be, also, a great star, Meschgih, in 
the midst of heaven for the purpose of giving further protection 
to the south when the enemy comes i^^reat numbers \ Now 
it is impossible to form an opinion whir can be meant by this 
enemy so mysteriously announced ; bat the above designation of 
the stars seems to correspond with “ J7te Host of Heaven” 
which is used in the Scriptnres, and with “ the aitendants, or 
guards of the Supreme Deity f which is the denomination ap- 
^ed by the Egyptians to some of the constellations and 
planets ; and it has been attempted by modem astnmomers to 
{Hove that four of the principal fixed rtars were really situated 
in^ or near, the four cardinal points of the horizon about the 
year 2200 b.c. which is the poiod usually assigned to the first 
Chaldean observations. Delambre remarks that the lon^t^ 
* ■ Zead^AvMts pu M. Aiuiuetil, Tcm. IL Bmiadekesch. 
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U «podi» was 11^ Wf moA tts bdtele, 

&**3d'soDdi; andas Antace84iffi3i«£RnB Aldel)uaa!i,blai^tade, 
bjir-six agns aod kas 4° SO' 8«ntth latUode, it fiillowa ihat <In»e 
stua wifflce, tlMn, yeaj nei^ in tke points of ilto venal «iad aa- 
tunmal eqaimnes} ocmsequently <ae of them woold be seen to 
rise near tbe east about the time that the other was spring a 
little to riie north of the^west: Now, k has been aUeged that 
Tachter rignifies the genius presiding over ram, and we know 
^that the hdiacal rising of Aldebaran was considered the aa- 
ciente as an indication of approaching ^cmns; henoiit i^ with 
some propriefy, infored that this star and Antares were two «f 
- those alluded to in the Persian story. The otha two stats are 
less certain ; Delambre supposes they might be Fomalhant and 
Eegulus, which were then, nearly, in the ]:dane of the sdstitial 
colure, and the former would be visible in the south at an alti- 
tude of about 12 degrees above the horizon at Babylon, while 
Antares and Aldebaran were, respectively, rising and setting : 
bat Regulus must have been 34 degrees below the northern 
point of the horizoit>; consequently invisible at the same hour, 
in that latitude. If, therefore, it was meant that the foursstars 
were at once seen in the situations above mentioned, we must 
look for some other star having the same longitude as Regulus, 
but having at least 34 degrees of north latitude ; the star 7 in 
Ursa Major is so situated and it is possible that this might be 
the star in question. M. Bailly‘ observes that the notion of 
fomr stars guarding heavens seems to have extended to 
China, for, in the histoiy of the astronomy of the Celestial Em- 
pire, it is said that there are four spirits which preside over the 
four seasons, meaning probably the four quadrants tiie zodiac; 
and it is lihdy enough that this kktd of observation would be 
made by any people among whom astronomy was in its m> 
timcy. 

If we are to admit that the particular dispositioxu of the tern- 
pkn at Dentkrah and Esneh in Egypt were really given by 
design, we shall hardly be able to avoid concuning with l>ri 
Stukely in that part of his hjrpothesis cmiceming the Druidical 
monuments at Stonehenge and Abuiy in Wiltshire, which re- 
* Astrouoiiii^ Aacieniie Ei^aircsift. liv. IX< «ec» 10. 
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iato i0 tile direictbii cf tb^ loegltoSiiiA The 
^seis wdl Imown to conr^t a gceit' iiraiMr etf' p&iaSsidBc 
atones placed <m end in the pexiphmes of finlT' ^psea Whose 
ms^ and minor axes are, respectiireljr, in the same i^t lilies ; 
tiie mterior ellipse endosmg an area or oeBa: the eirbcanee is 
supposed to have been at one extremity of the maj(^ aads and 
oppcmte to it, within the area,% a whieh seems to have 
been used as an altar. The Doctor’s opinion is tlmtil^etounders of 
the monument intended to dispose that axis in a direction tendh^ 
from the tSouth-west to the northeast, and to place the entrance 
opposite to the latter point of the horizon in order that it might 
receive the first rays of the rising sun on the day of the summer^ 
solstice ; it being, he observes, the custom of the ancients to 
celebrate their great festivals at that season ^ The principal 
part of the work at Abuiy consists of one great range of stone^ 
enclosing a circular area, within which are two double circular 
ranges, respectively concentric writh each other but neither of 
them having its centre coincident with that of the farmer and 
contaming circle : a line joining the centres of the two double 
circles is, also, supposed by Dr. Stukely to have been intended 
to coincide wdth that joining the north-east and south-west 
points of the horizon ; but he observes that, in the temple at 
Stonehenge, the major axis deviates six or seven degrees south- 
ward fi*om the north-east point and, in that at Abury, Ihe line 
of the centre lies about ten degrees northward from the same 
point. Now these difierent deviations, which may easily be 
conceived to be accidental, or to depend upon the situations of 
the points in which the sun first became visible, on the day of 
the solstice, above an horizon broken by the irregularities ofitbe 
ground, are by Dr. Stukely supposed to have resulted from the 
employment of a mariner’s compass to determine the directions 
of the axes of the temples ; the needle being subject to a varia- 
tion which is different in different ages, and the priests of the 
>count]7 being supposed to have considered, erroneously, that it 
coincided in direction with the true meridian of the place. We 
conceive it unnecessary to offer any argument to disprove 
opinion that these monuments were oriented by means of a 

^ Stonehenge Restored. 
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iscmpuM, it tidag ]a|^ inyptalntfle tbat ineli «a iBrimnaieiit 
)irotild be used for tltat {nu]K»e, when Uie hemreBm peesmtso 
immy pbenom«aa wlticb the aid ad|^ be gakued vri^ nradl 
nuHu ease and aocuiai^. 

The c^inkm advanced bjr Dr. Stakdy, that the Draidical^ mo- 
numents of this cotmtiy were eroded bjr die flHesta vdio weee 
driven fron Egypt by Cambpees, thou^ ntd impoai^tiie, is 
wholly unsupported by evidence ; they are, however> of great 
antiquity, and works of a similar kind appear to be fiequently 
met with in the East, as we learn from Giovanni Finati, in the 
second volume of his life *, where it is stated that at Djerash, 
•the ancient Gerasa, and at Ma}^, near the Dead Sea, the sup- 
posed Baal-Meon of the Scriptures, a number of great slabs of 
stone have been set together like boxes, four standing edgewise 
fcnr the sides and one laid flat on the top, without any signuif 
art about them except their position. There is no appearance 
that these works have any relation to astronomy, but their re- 
semblance to the Cromlechs of the north reveals an accordance 
of ideas, and afibrds ground to suspect that, in remote periods, 
thoe may have been an intercommunication between the people 
of the widely separated regions of Syria and Britain. That the 
monuments at Stonehenge and Abuiy were not imknown to the 
orientals is rendered probable from a passage in the second book 
of Dindorus Siculus where the writer, citing Hecateus, states 
that there is an island in the north, beyond the Celtae, where is a 
saood grove with a circular temple to which the priests resorted 
with their harps, to chant the praises of Apollo who, every nine- 
teenth year, used to descend and converse with them. It is 
difficult to refuse our assent to the opinion, expressed by Mau- 
rice, in his Indian Antiquities that the statement refers to such 
works as those above mentioned; and the periodical visit of 
Apollo seems to imply that the Druids were acquainted with the 
lunar cycle ; but it will not be necessary to follow the anthor of 
the work last quoted in his suppositidn that the dliptiefd 
temples of the Druids were designed in imitation of die feims of 
the planetary orbits, or that the crescoit temples in Anglesea 


Life of FhMti, by Banks. 


•> V<A VI. 



m.|: or iUfcananMi I4i 

Odtassy mtm dedkatied to ...We iiw^./eleerm 

liere tiiat die estroiiomy of the Gieeka. imd Orieetab aeKse^ 
about die coounoicAxieiU; of die duiatiaa era» to.iM^e seadbed 
the iiorth''of Europe ; for CsBsar^ desciibi^.d)e ni a nnei» .<>f the 
Gauls, sajs * “ the Druids teach' many dungs rdadug to the etaxB 
and thdr moticdfe, the magnitude of the earth and the mdaecae, 
the nature of things and the powms and pierogatirea of the ^ 
mortal gods”: and it is probable that irhat was taught by that 
order of men in Gaul was taught also m Britain, which seema to. 
hare been the chief seat of the hierarcl^. 

Theuseof the solar year, at an early age, is ascribed by BaUiy^ 
to the Scandmavians on the ground that in the time of Olaus 
Mi^us, about the year 1000 of our eta, they were accustomed to 
cdelnate bn the forty-fifth day after the winter solstice a certain 
festival which, as Rudbeck asserts, in his treatise de Atlantica, was 
originally intended to take place at the first appearance of the sun* 
after being forty days invisible ; that is on the twmitieth day after 
the said solstice ; and the conclusion of Bailly is that, between 
the first institution of the festival and the time of (^us Magnus, 
the period was retarded, with respect to the solstice, by twenty- 
five days in consequence, he supposes, of the length of the year 
being assumed at 365^ days ; this retardation corresponds to an 
interval of 3300 years and, therefore, he considers that the origin 
of the festival and the introduction of the solar year in 1h|^ part 
of the world took place about the year 2300 Before Christ. But 
M. Bailly should have remarked that by using a year of 365 
days the celebration of the festival would anticipate the season 
by about a quarter of a day yearly, and this, at the mid of about 
1430 years, would bring it to the forty-fifth day after the soktioe; 
ccmsequentiy its first institution might be dated firom about the 
year 400 Before Christ. And, if we consider that the climate in 
which the son remains below the horizon during forty days 
through the middle of Lapland, it will not appear proba- 
ble that the festival in question should have any jnetenaums to 
a higher antiquity. 

■ De Bello Gallioo, Lib. VI. sect. 13. 

^ Bailly, Aatr. Anc. Bdalrclie* lir. 111. sect. 2. 
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CHAPTEB VIII. 

OBieiK OF ASTBONOKY AMONO TKB «4taCKS. 

A theory of the odeitial morementi devdq^ in t<he Orede aetronomy. — 
The Greek ABtronomy probably derived from the EgyptianL^-Hifilee esta* 
blnhed the first school of Greek {diilow^hy.— Works aacribi^ to hime^^Ho 
predicts an edipee of the sun* — Tenets of Ana3dinander.~Reiiioval of the 
8cho(d of Thales to Athens.-* Theory of the universe ascribed to Anaza* 
goras. — Opinions of this philosopher concerning the stability of tlie heavenly 
bodies.— Sentiments of the Greek astronomers concerning the son and 
moon.— A supposed change in the position of the earth's axis.— An ojdnioh 
concerning meteoric stones.— Doctrines of Anaumenes.— The school of Py< 
thagoras in Italy. — Opinion of the mobility of the earth. — Of an antodithone 
and invisible planets. — Harmony of the celestial spheres.- Hypothesis of 
vortices proposed by DemocTitus.«-The lunar cycle of Philolaus. — The cydes 
of Metou and Galippus. 

In attempting an account of the ancient astronomy of the East 
we have been compelled, from the paucity of documei|ts, to de- 
scribe the probable rather than the real march of discovery, and 
to reason from coigectures rather than from facts : we now pro- 
ceed to consider the astronomy of the Greeks and later Egyptians 
whos^yet existing works exhibit the progress of the human 
mind in investigating the laws of the celestial movements, and 
in inventing a mechanism which may represent them. We 
must not, indeed, expect to find a complete development of 
that principle by which, in the age immediately preceding our 
own, the trae cause of those movements has been explained and 
the constitution of the universe made evident ; yet we shall per- 
ceive so many bints, o^j^uirely indeed announced, but indicating 
a conception of the hypotheses now generally admitted, and of 
the facts whiph recent observations b^ve confirmed, as almost to 
justify the opinion entertained by ,a late French author that the 
most important discoveries ascribed to the modr^^ns oiiginal^j^ 
or were recognized, in the schools of Greece. " But though it is 
certain that such an opinion is not supported by a reasonable 
interpretation of the expressions used by the ancient philoso- 



lifami, jf^we fibftU find mSdmt to aAinii^ die 
wiik^ wito observations of so mde a natirre as tbose toej bad 
it in tbfir power to make, and intli a calcuhis so far to ‘ 

tbftt we now possess, enabled thi^ to account for go wmf 
of tbe phenomena of the heavens, and to offer so feasible a solution 
df^ihe great ptdBlem of the celestial motions. It must also be 
dbse#ed that the system of the universe invented" in those 
•schools maintained its ground during more than two thousand 
yeors^ and only jridded to the improvements made in the instru- 
iiii^ments of observation since the revival of learning in Europe. 
These improvements, joined to the happy adoption of a principle 
either unknown or but little regarded before his time, permitted 
Newton to unfold a theory which is not likely to be. shaken 
during the continuance of that order of things which it has so 
satisfactorily explained. 

All the more ancient hypotheses may be said to have had their 
* use in connecting together the results of individual observations; 
and thus, have contributed, in some measure, to the progress 
of science ; but it was impossible that they should jitand when, 
by multiplied observations, the minute irregularities in every 
part of the orbit of the Moon, or of each planet, were discovered. 
The first two principles, the circular and nniform motions of 
celestial bodies, were arbitrary assumptions, and the original 
system formed upon them was insufficient to account fodr my 
but the most obvious phenomena ; and, instead of being able to 
deduce from it the explanation of any newly observed inequality 
of motion, astronomers were obliged, for this purpose, to make 
additions, in the nature of excrescences, to the machinery before 
imagined. These additions, however, did not, as may be sup- 
posed, combine with each other and with tlie original hypothesis 
so as to satisfy the different phenomenal and, in fact, it hap- 
pened that while one inequality of motion was explained by 
thorn another was contradicted ; they, moreover, at length ren- 
dered the machinery of the heavens unmanageably .complex, 
and, therefore, necqly useless for the purpose of facilitating astro- 
nomical coinputations, long before it was superseded by the 
modem theory of gravitation. 

The writings of Homer and Hesiod contain all that m known 
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of the firBt slate of astremom^ in Greece : and this 
«« hare said, to little more than the names of a feir edi||^lilf> 
tions, the principal of which Homer has intiodoeed !>*»«% 
book of the Odyssey, wbeic Ulysses, in his bark, *eii 
Calypso, is made to observe, " the Pleiades and Bootes; 4m 
Hyades and Bold Ofian ; the Bear which is Sailed the VnMi 
the unwearied sun, and the full moon, and all the stars by 
like a crown, the heavens are surrounded ” We may, therefore# 
conclude that, in the age of those poets, the science was at itif 
birth in that countiy ; or that the Greeks had just then receivedi 
its elements from some other people. 

little doubt can be entertained that the Grodcs derived their 


first notions of the sciences, particularly of astronomy, from 
Egypt or Syria, cither by means of intelligent men of their 
nation who travelled into those countries to seek for information, 
or by means of the chiefs who, for the purpose of conquest or 
colonization, conducted their warlike bands from thence towards 
the west. We arc aware that the expeditions, and even the 
existence of such men as Uranus and Atlas as well as the 


exploits of Scsosiris, have been called in question, but surely 
without sufficient reason ; since, during the many ages in which 
the profession of arms enjoyed the highest consideration, and when 
the rapid increase of the human ^e rendered emigrations abso* 
lutely necessary, it is impossible that multitudes should not have 
abandoned their native soil, though no account of their move- 
ments has been preserved ; on the contrary, it is in the highest 
degree probable, not only that the tide of conquest should have 
flowed into the remotest accessible regions, but that the arts and 
sciences of the more enlightened people should, by such means, 
have been communicated to those who were less so: on this 
account we cannot hesitate to admit that what is related by 
Diodorus Siculus concerning those personages may have some 
foundation in truth. In his third book he informs us that 


Uranus, who held in subjection a great portion of the earth, 
towards the west and north, applied himself to the observation 
of the risings and settings of stars ; that, from the movements of 
the sun and moon, he taught the length of the year and its 
division into months , and that, in consequence of the admira- 
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. lm(nrledg6 of celostild thixi^» ^ditiiie 

to him and tbe universe was caBed hy bis name. In the 
it is related that Atlas exteniTed his conquests to the 
itmifiica bounding the Western Ocean, and gave his name 
mountain in that part of the world. It is added, as a 
"^pi^howevor^ (hat ho had an exact knowledge of astronomy 
4m t&t, because be had executed an artificial sphere represent^ 
the heavens, he was supposed, and the opinion is alluded to 
fey ifischylus, to have carried the universe on his shoulders. In 
the fourth book it is stated that Hercules introduced the know- 
pledge of the celestial sphere to the people of Greece, and that he 
was said to have received the burthen of the universe fiom 


Atlas ; which seems to imply that one of the labours of the hero 
consisted in communicating to the Greeks a knowledge of the 
sciences which he had acquired in some expedition towards the 
west. 


It is evident, however, that astronomy could not have been in 
a state of maturity in the East at the time the Greeks received 
it from such of their countiymcn as had studied among the 
Egyptians or Asiatics ; since, if it were so, those persons would 
have imparted it in a more advanced condition than, by the 
accounts which have been transmitted to us, wc find it to have 
been ; for what they taught on their return app#ars to have con- 
sisted only of a few simple and elementary ciitumstances, and 
there is no hint given that they had acquired the knowledge of 
any thiag more profound. 

The first intimation we have of any Greek professing the 
science of astronomy is contamed in the works of Herodotus, 
and consists in the mention of an eclipse of the sun which had 
been predicted by Thales, a native of Miletus in Asia. A short 
account of the life of this philosopher is given by Diogenes 
Laertius, who relates of him* that, when a youth, he was one 
day led out of the house for the purpose of contemplating the 
stars and, &lling into a ditch, his conductress exclaimed, ** 

O Tkaiee, dk> you seek to comprehend the things tohich are in the 
keenfens when you are not able to see those before your eyes 
The story, which is alluded to by Soomtes to Plato's dialogue 


* In vita Thaletit. 
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Tliissetehis^ has the air of ao mVention^ but $omethiug|!^i|M£i^ 
is gi^erally related coac^nuug the early life of peraoip 
hate distiuguished themselves by superiority of talent^ l 

is uothing to prevent our giving as much credit to^is:^^^ 
many others of a similar nature : if true^ the exclamation 
indicate either a sarcastic, or a moralizing spirit in TbreA;ai^..j^ ^ 
attendant, and it affords, at the same time, a proof of the incliiil^ 
tion of her young charge to philosophical pursuits. ^ 

After performing the duties of a citizen Thales employed ^ 
himself in the study of the system of nature, but Diogenes^ 
observes that he left behind him no monument of his discoveries, 
and that whatever is known concerning him is drawn from the 
works of Pbocas the Samian. He is said, for the purposfe of 
acquiring information in philosophy, to have made a voyage to 
Egypt ; yet, by a strange inconsistency, it is asserted that he 
taught those who were his masters in the sciences how to mea/- 
sure the height of the Pyramids by the length of the shadows 
tliey cast, w'hich is one of the most simple examples of practical 
geometry : the truth probably is that, in Egypt, Thales learned 
this, among other subjects connected with the elements of 
astronomy. On his return to his native country he made a 
profession, after the manner of learned men in those times, of 
giving public instructions to such as ehosc to become his dis- 
ciples, on which account he is spoken of as the founder of the 
Ionian school and the father of the Greek philosophy. 

If we may depend upon the obscure hints contained in the 
works of those authors who have incidentally made mention of 
this philosopher, it would appear that, in his time, the form of 
the earth was recognized, for he is said to have asserted that it 
was globular and that it was situated in the centre of the 
universe. It is added that he supposed the fixed stars to be 
attached to the surface of a sphere, and, according to Plutarch*, 
he divided the earth into five zones and described the situations 
of the Equator, the Tropics, the Arctic and Antarctic ckdes: if 
these circumstances be true they prove that this manner of dividmg 
the visible heavens, for the purpose of distinguishing the rda^ 
live positions of the stars, had then been adopted ; the last two 
* l>e Nadtif Philosophoruin, Lib. II. cap. 12. 
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cMm, in the time of Thales iiM tdcig 

Jbftd zu^ the same signiBcatien as at pteaeiit, siiiceHtlley •weste 

appfieSlo those parallels dedmatiou bey<!md wb^ in the 

nortbem and sonihem hemisph^es were situated 

Aose stars called circumpolar; that is^ which towards the 

north, in any given latitude, never set, and towards the eouib, 

nevmrtse. 

Diogenes Laertius relates that there Were ascribed to Thales 
two works concerning the equinoxes and solstices ; and it is in- 
feired that he had made observations to determine the days 0^ 
their occurrence in order to ascertain the length of the year : 
this is by no means unlikely, but the result of his enquiries is 
entirely unknown. He is, also, said to have attempted to give 
an account of the physical constitution of the universe ; and by 
Cicero*, who designates him the first (Greek) enquirer concern- 
ing these things, he is mdde to assert tliat water was the 
primitive clement, of which the Deity made all things in nature: 
from tins hypothesis, but in a much earlier age, is said to have 
originated the fancy that the earth rested on the ocean like a 
boat. 

But what most particularly distinguished Thales is the above* 
mentioned prediction of an eclipse which, as the phenomenon 
occurred at a critical moment, naturally excited considerable 
attention, and must have added greatly to the reputation of the 
philosopher. Herodotus, who relates all that is known of the 
circumstances, observes that in the midst of an action which 
look place in the sixth year of the war (between the Medes and 
Lydians) the day was suddenly changed into night: — smt^ 
Srei’ yevofisvits^ a-uvivsiKs re rvig fiaxyis arvvserreaaifify rnv 

TiiABpwf iiavriw^ vuftra ymo'Bai, ^ He adds that Thales the 
Milesian had predicted the year in which the eclipse would* 
take place and that the hostile armies, when they saw the 
darkness, desisted &om the battle. This eclipse has beim 
the subject of much discussion. The father of histoiy nmiher 
mentions the particular year nor month when it occuned^ 
but, as it was probably total, or nearly so, this circumstance has 
afforded some clue to guide modem astronomers in the research; 

* "De Nat. Deoram, Lib. I. cap. 10. ** Clio, cect. 74« 
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calculaling hj ibe tables iat pxeaeirt m tbey h&tre 
amved at the conclusion that the eclipse might hare happened 
in die year 585, 003 or 621 Beibre Chiist. Cicaro* and JPhigr^ 
say that it took place during the ragn of Astyages« It is probable 
enough that Thales announced the^time at which the phenomenon 
would occur within a month : for, os is observed *^by Z>eiaintee, 
this was in his power, with the aid of the cycle of 18 years, a 
knowledge of which he might have obtained in Egypt ; and the 
silence of Herodotus respecting the time may be accounted for 
by supposing that it did not enter into the plan of his work to 
record the particulars minutely- Twa other eclipses are said to 
have been predicted by the ancient Greek astronomers ; one by 
Eudemas, the author of a history of the science, which is lost, 
and the other by Helicon of Cyzicen© who, according to Aris- 
totle^, announced to King Dionysius the time of its occurrence, 
which is said to have happened conformably to tlie prediction. 

The Ionian school which had been founded by Thales seems 
4o have produced several celebrated men, among whom Anaxi- 
mander, Anaxagoras and Anaximenes are pariicularly mentioned 
as persons who cultivated and taught the science of the stars : 
no record, however, remains, of any celestial observation made 
by these philosophers, and the accounts we have of their woxks 
only shew that, firom such data as then existed, they reasoned 
profoundly on the constitution of the universe. 

Anaximander was bom about GOO years before Christ and, 
therefore, probably, he was the disciple and immediate successor 
of Thales: like his distinguished master he considered the 
earth as isolated in space, and accordihg to Diogenes Laertius^, 
both of these philosophers maintained that it was of a globular 
figure. These ore the first occasions on which we find the sphe- 
rical form of the earth distinctly asserted and, perhaps, the 
opinion has no better foundation than a fortunate conjecture; 
for though the curvature in every direction, irom the place of a 
spectator, might easily be inferred from the appearances pres^ted 
by a lofty object, as the mast of a ship, when approaefaiiig to^ 
or receding from him ; and the curvature in the direction of the 

* Be Bivinatioae, 1^. I. ^ Nat. Hist. Lib. L cap. 12. 

® Be CcbIo, Lib. H. cap. 6. In loc* dt. 
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that Tplme, change their a^arent altiiadea with a dbaaoge in the 
place of the observer ; yet, as the pati of the eaHh’e mfitcNs thra 
known bears bat a small proportion to whote) the 
of the inference must have admitted of doubt ; and we find diid 
the reason alleged for the sphericity of the earth must have been 
far from canying conviction to every mind^ since Leucippus and 
others entertained the opinion that it was cylindrical, or had the 
form of a column. But the tenet wliich, really, does honour to 
the judgment of Anaximander is that of the earth^s movement 
about its axis ; an hypothesis which he is said to have main- 
huned, though his arguments in support of it have not been 
preserved. Anaximander must, consequently, have succe^ed 
in the difficult task of overcoming the prejudices of his senses ; 
he must have elevated his mind to the conception that the 
diurnal motion of the celestial kphere is only apparent, and that 
the appearance is caused by that of the earth in a contrary 
direction : a bold step in that age when a number of fimts by 
which the truth of the h}q)Othesis might have been established 
were entirely unknown. 

Tlie same philosopher held a sound opinion relative to the 
moon for, according to Diogenes Laertius, he taught that she 
shines by a light reflected from the sun ; if, bowcvmr, ha could 
raise himself to this idea, it seems that he fruled in persuading his 
contemporaries of its justness, since wc find that, about the same 
time, very absurd notions were entertained concerning the .phases 
or appearances of that luminaiy. He failed also, as might be 
expected, in his determiiittions of the magnitudes of the celestial 
bodies ; for we learn from Diogenes Laertius and Plutarch that 
be supposed the sun to be equal in bulk to the earth, and to be 
constituted of fire, or rather, within its mass, to contain a fire 
winch radiates in every direction from ai>ertiires in its surface. 
He asserted, also, that the circle of the sun,' meaning, as Casau<^ 
bon supposes, its apparent yearly orbit, was twenty-eight times 
as great as the earth, a remarkable instance of the very inaccu^ 
rale notions then entertained of the universe. 

Anaximander also appears to us in the character of a practical 
astronomer and geographer. Diogenes Laertius relates that he 
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fiet^p a gnomom at Lacedffiiaoa) and obaefred iha timaa of ^ 
eqomoxes and solstices ; biid, probaUy, this was not the fixst m** 
stronient of the hind in Greece, since the sssne writer aifirms 
that Pherecydes, who was contemporary with Thales, had con- 
structed, in the island of Sc3nrtts, a machine, which could have 
been no other than a gnomon, for showing the conversions of 
the sun, that is, the days of the solstices. It is added that ^pavi- 
mander desoibed the boundaries of the land and seas, and exe- 
cuted a horoscope or planisphere and an artificial globe : the 
former, probably, was of the same nature as the sculptured 
zodiacs in the Egyptian temples, and the other may have been 
intended to represent the surface of the earth or heavens. These 
mimic worlds have, ever since, be«i of general use and may, 
certainly, be reckoned among the most pleasing works of art, by 
enabling the student to contemplate the phenomena of the celes- 
tial bodies in the closet, or the forms and situations of remote 
regions of the earth without removing from the place he in- 
habits. 

Soon after the time of Thales it is probable that the philoso- 
phers professing the doctrines of his school found, among the 
people of Athens, who tlien, under the government of Pericles, 
began to rank high in political power, in sciences and arts, and 
in refinement of manners, a more ample field for the display of 
their talents than that afforded by an Asiatic town ; for it ap- 
pears that, during the reign of this magistrate, Anaxagoras 
transferred tlie Ionian school from Miletus to that city, where 
he, unfortunately, though professing, as Jamblichiis relates % to 
desire life only that he might contemplate the heavens, suffered 
persecution for his philosophical opinions on the ground that 
they were mimical to the religion of the state : he was sentenced 
by the Athenians to die, but the punishment of death was, 
through the interest of Pericles, commuted for peipetual banish- 
ment. The fate of the Greek philosopher resembles that of Ga- 
lileo who, in a later and more enlightened age, and when men 
were under the influence of. a religion which consists rather in 
purity of heart than in the belief of any partic ular dogflias was, 


• t)e vita Pythag, Lib. II. Cap. 8. 
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also, the victim of i^mitual |t h 

t^t the troables m^rhich the asmient, as well astbe mAem 
raffeter we»e involved, are to be ascxibed to some mdiscsetione, 
hf which they had rendered tfaemsdvee personally idmoKhms to 
the mini&ters <rf religion, rather than to imy impiety with whidh 
their philosophical speculations could be charged. 

In his writings conceming the cotistitution of tfae^ univeri^^ 
i^^xagoras seems to have set out by assuming that nature id^ 
ways acts in the most perfect ftanneir; a principle to which the 
Greek philosophers, at aU times, adhered ; he from thence con*> 
eludes that the actual phenomena can be no other than they 
are ; and he does not attempt, or, probably, he thought it im- 
possible, to give any other reason for their existence : this defect, 
however, was felt by the wisest men of that and the following age, 
who expressed an ardent desire to know something of the Be<^ 
cond causes which are operative in the works of nature. In 
Plato's dialogue entitled Phaado, Socrates is made to tell Cebes 
that he had perused the works of Anaxagoras in expectation of 
finding whether the earth was broad or round, probably mean-^ 
ing wbetlier it was of a plane or globular form, and whether it 
was in the centre of the universe or not : be adds that he was 
extremely desirous of knowing the cause of the existence of all 
beings, but he owns that he was disappointed ; for, says he, 
Anaxagoras *only ascribes them to tlie power of the Supreme 
Intellect, which has arranged them in their proper ranks and 
classes, and disposed tliem in the best possible manner. This 
kind of explanation seems to have prevailed among the learned 
almost to our own times, and abounds in the writings of Aris- 
totle who, however, seems to have merely adopted a principle 
which long before had been assumed. 

We perceive, fn>m what Socrates has said, that Anaxagoras could 
not have been condemned under pretence of Atheism, since he ad- 
mits the existence of a Supreme Intellect, though be might have 
denied file divinity of the beings which were the objects of worship 
in the heathen world. We leam, also, that the Greeks, about fliie 
time, were with the notion that the earth is not cednei^ 

dent with the centre of the universe though, fiirther on, Socrates 
considers tie opinion, that it is so as one which was very gmie- 
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ia% a6aitted Among phSmapIms, md}»tBdew0m$ to 
Simmias a reason TPhy the earth eSioidd feniate imsn{^^ in 
^^>ace : his argutnient is that the earth requires no ahr to jner^ 
its falling smee it is» as it were, wrapped about and pressed 
equally in every direction by the universe. It appears fiom iMs 
expression that Socrates thought the earth was held to eqml^rio 
by equal and opposite forces acting upon it from aB the oeles* 
tial bodies ; a notion which seems to coincide with that ascrfoiMd 
by Plutarch*, to Parmenides, who, in explaining the canto of 
tlie earth’s stability, is made to say that uo reason can be given 
why it should fall to one side rather than to another ; and there-^ 
fore, it rests. An allusion to the support of the earth by the air 
is found also in the Clouds of Aristophanes, where the chorus is 
made to address that element as a great king who holds tlie 
, earth suspended”; and it would seem tliut there were, then, 
many persons who thought the earth Was kept in its position 
by winds tending towards it from every part of the surrounding 
space ; a fancy which Achilles Tatius ^ illustrates by observing 
that a grain of com remains at rest in the middle of a bladder 
when, on blowing into the latter, the wind is reflected from its 
interior surface towards the centre. We may add, however, in 
this place, that Tatius, in explaining the cause why the universe 
remains at rest in infinite space, makes Chrysippus observe that 
it consists of four elements, earth, w^ater, air, and fire, of which 
the two former, occupying the centre, are endowed witli gravity^ 
or have a tendency to descend, and the two latter, surrounding 
the othfas, are endowed with levity^ or have a tendency to 
ascend : he then compares the universe, thus compounded, to a 
mass composed of two such bodies as lead and cork, of ^ual 
weights, bound together; and states that if this mass were 
thrown into the sea the lead would prevent it fit>in rising to the 
surfoce and the cork would prevent it from sinking, whence, 
consequently, it would remain at rest at any depth ; Jfrom which 
circumstance the quiescence of the universe is meant to be in* 
ferred. But the opinions of the Greeks were, at tdl timei^ for 
from being settled on the subject of the stability pf the ewth. 

* De PladtlB, Lib. IIL Cap. 15. 

^ Uagpge, Gi^ IV, in Fetav. Uraooldg* 
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Xenopfamed ecmsidei;^ it to be ki&iitdiy in ooe dh^eetio^ ; 
wAy eoBeequmtly^ maintained tbat it ecndd not ML; and Bio^ 
^nea La^us ^ ascribes to Thales the oj^nimi that it was stu^ 
tained by» and floated on, the waters. But the more general 
argument held out in support of the imniQbmty of the earth was 
that, since heavy bodies tend towards its centre, that cmtte 
igpst be fixed in space ; yet, according to Laertius**, Beiaocrit||s 
proposed the notion that the earth was continually falling : in 
fact every posdble opinion appears, at one time or another, to 
have been bdd, in the ancient schools, respecting the place oc* 
copied by the earth among the bodies of the universe. 

The opinions of men who are in nearly coirespcmding con- 
ditions with, respect to civilization and arts or sciences are found 
to be nearly allied to each other ; and we may, in what we have 
learned of the sentiments of* the Hindus, trace many pcants of 
resemblance to the notions of the Greeks and Egyptians. 
Thus we find that the Jainas^ an ancient people of India, had 
used in their writings expressions which led their commentators, 
in later times, to suppose they held an opinion that the earth 
performed a revolution in spacer but Bhascara, one of those 
commentators, who lived in the twelftli century of our era, has 
endeavoui'ed to shew that such expressions had no other mean- 
ing than that the earth, being heavy and without support, must 
couUnually descend ; and that they had no relation to any 
movement of revolution. Bhascara himself, however, denies 
that the earth can be continually falling; and urges, as an 
argument against the opinion, that if so, an arrow shot vertically 
upward would not return when the projectile force was expended, 
since both earth and arrow would be descending : and, he ob- 
serves, it cannot be replied ‘‘the earth moves slower and is 
overtaken by the arrow for the heaviest bodies fall with the 
greatest velocity, and the earth is heavier than the arrow; 
therefore cannot be overtaken by it ®. 

The enquiry into the cause of the drcular motion of th© 


• De Placitis, Lib. III. Cap. 0. ** Isagoge, ubi supri. 

• InvitaThaL ^ lib. IX. 

• AsiaUc Besearche#, Vol. XII. On the notions of the Hindus. 
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beai^eos js now for first time alladed lo, mid U is pro&aUe 
Hmtf more oncientlj, it was thou|^t a sufficaeat e^ptanatioii of 
this kind of movemeiit to say that it is peculiar to incorruptible 
bodies such as the stars, wliile motion in a r^tilinear direction 
is peculiar to terrestrial substances. Tbeon, the commentator of 
Ptolemy, has expressed this opinion which, howey^, bears the 
mark of the older schools of Greece, and he has illustrated the 
latter part by the fact that, of the bodies near the surface of 
earth, heavy ones tend ip right lines from the circumference 
towards the centre and light ones in a contrary direction. But 
Anaxagoras, in reply to me question why the celestial bodies do 
not fill from their places towards the earth, asserts that their 
actual state is preserved by the rapidity of their movements ; 
and, though we have no reason to think that this philosopher 
understood the laws of centripetal and centrifugal forces, yet his 
assertion indicates an idea that a revolving body might be held 
in equUibrio between such forces. That a body moving in tlie 
circumference of a circle endeavours to recede from the centre is 
a foct whish could not escape the notice of the ancients, who 
were so familiar with the use of slings in discharging stones ; 
and Plutarch actually makes Anaxagoras compare tlie motion of 
the moon round the earth to that of a stone in a sling, which, 
he observes, is subject to Uie action of two forces at once; 
meaning the retaining power of the cord and that by which, in 
consequence of the movement of the hand,, the stone tends to 
escape in the direction of a tangent to' the cui*\ e it describes. 
The idea that a revolving motion is produced by the actions of 
two forces in rectilinear directionB must, therefore, have been 
entertained at this time, and we can readily admit that Anaxagoras 
drew from thence the opinion which has been ascribed to him 
concerning the stability of the universe. Aristotle ^ states that 
Empedocles and other philosophers held a similar notion, and 
he illustrates it by the well known fact, that water in an open 
vessel will there remain while the vessel revolves about a centre 
though, in some part of its revolution, it may beepme invejrted. 

Diogenes Laertius says^ that Anaxagoras considered the sun 


* De CoOo, Lib. 11. 
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lo be a burning mass of irm krger Hian Bebijp«^iieees,j an 
opinion which implies that the sun is ^ n distaaice £ean die 
earth only equal to about nine or ten diametam of latter; 
but it is probable that such an expression was merely intended 
to convey, to the uninformed populace, a notion that die sun 
was of imdiense magnitude by comparing it with an extent of 
territory which in those days was, no donbt, fimiiliaiiy spoken 
o( as very considerable, Arch^laus, who was of the Ionian 
school and contemporary with Anaxagoras, is said to have 
maintained the more reasonable opinion that the sun was of the 
same material as the fixed stars ; but this was, perhaps, simply 
an inference from the general notion that all the heavenly bodies 
were of the nature of fire. According to the writer above- 
mentioned, Anaxagoras offered a conjecture that, like the earth, 
the moon had habitations, hills, and valleys ; an opinion also 
expressed in some pretended Orphic verses preserved by 
Proclus. 

Mip'aro ^ yaXm awtifeitropf nvTt stxinip 

’A0ajf«TOi KXi^&ariv, Si rt ^ 

*'H flroXA* ov^e* w'oA^* aerta^ 7roXX» fAEXaO^et, • 

‘‘The Father made another earth called Selene by the im- 
mortals, but, by men, the moon, containing many mountains, 
cities and mansions.” And it may readily be conceived that 
such notions would be formed at the first view of her disc ; for 
the light and dark spaces which are so visible to the naked eye 
naturally suggest the notion of an elevation and depression of 
surface, and an easy analogy would lead to the supposition that 
this celestial body was inhabited, when the resemblance of her 
surface to that of the earth was perceived. It is well known 
that this supposition has continued to be popular even to our 
own days, though the constancy of her features and the absence 
of any collections of water, like the seas of the earth, the 
existence of which the most powerful telescopes have not been 
able to detect, nearly demonstrate that the contrary is the 
Rutarch, who seems, in his work Be Faeie qum in orbe Lume^ 
appwret^ to have collected the opinions of most of the distin- 


* ProduB in Timseum, Lib. 111. 
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men among fke Are liean^^na,^ te{m->. 

armts Ac spots nrhich appear on the auriace of the moon^ and 
a^ich, he obserres, constitute ^ores resembling eyes and lips, 
as deep cavities, like the gulfs of the earth, wht^ the light of 
the sun does not penetrate; he concludes that this celestial body 
may have water and air, and that it may produce and nourish 
animals endowed with respiration and heat. 

Nearly the same ideas have been expressed by sotse of the 
astronomers of the present day, who observe that the mountainous 
scenery of the moon bears a strong resemblance to that of the 
‘ Alpine regions of the earth ; and they consider the cavities as 
the beds of seas which have once existed in that luminary. Mr. 
Schrocter, believing that he has discovered an atmosphere almut 
the moon, and conceiving that she may enclose a liquid proper 
for the support of organized bodies, boldly asserts that this' 
celestial body is the abode of living and intelligent beings, of 
whose existence he thinks he has discovered certain indications ^ 
If this astronomer had lived in the days of Pythagoras or Plu- 
tarch be probably would have added, in the words of the latter, 
the intelligent beings who inJuthit the moon are of slender 
forms and are capable of receiving support from any alimefit 
whatever,^ But, however interesting may be the picture be has 
presented, of the supposed state of nature in the moon, it is too 
certain that his opinions on tliis subject are ill supported by 
obsen^ation, and we are rather disposed to consider our satellite 
as the mere nucleus of a world, a mass of naked rock destitute 
of any of the elements capable of supporting animal or vegetable 
Kfe. We must not omit to obsen’e that Empedocles ^ is said to 
have considered the moon as a fragment struck off from the sun ; 
a notion since entertained by the celebrated Buffon concerning 
the earth, moon and all the planets. Vitruvius, in his treatise 
on Architecture, says that a certain Berosus, whom he describes 
as a lecturer on philosophy, in Asia, taught that the moon was a 
globe, balf luminous arid half of a blue colour; and that, when it 
approached the son, being attracted by the force of his rays, it 
turned its bright side to that luminary and became invisible to 

* Voiron, Hiat. de T Aatronomie, Art. IL 

** AcHQea Tstius, ZsSgoge, Cap. XVI. In Fetrav. Uraoolog. 
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ffojft tbe colour of the odter past beus^ 
of the air. It is probable that Titrutiua b^cro^ed iSm accoaul; 
fifom Cleomedeg who, besides aseribiug the aotion to Bfarossu^ 
makes the latter assert that the moon has several ui^vemen^ 
and he particulaiizes the diunial motion, the motion in longito^ 
and latitude, and the rotation on her axis ^ ; this expression, if 
understood in the sense assigned to it by modem astronomers, 
would seem to indicate that the ancients, from the fact that the 
moon presents to us always the same face, had anived at the 
conclusion that she revolves on her axis in the same time that 
she makes one revolution about the earth. Cleomedes adds it 
was well known to the ancient philosophers that the moon is 
enlightened by the sun ”, and he derives her name, Sexiivn, from 
because she is continually acquiring new phases by his 

light. 

We may here remark that ihe Greeks, whmi their writings of 
discourses were not intended for the learned, seem, in speaking 
of the heavenly bodies, to have occasionally expressed them- 
selves in terms adapted to the ideas of the vulgar; and it appears 
that some among them, erroneously taking such expressions in 
the literal sense, have seriously set themselves to refute the 
opinions they convey. Thus, the disciples of Ejricurus are 
supposed to have asserted that the sun, moon and stars are no 
larger than they appear to be ; and, though no one can believe 
that such a notion was really held by a person having any pre- 
tensions to the character of a philosopher, yet Cleomedes^ 
gravely argues against it from the fact that, when the usuu is 
rising behind a mountain, the edges of bis disc are often, at the 
same time, visible on the opposite sides of the mountain ; and 
the infer^ce is that the sun, though, apparently, only about one 
foot in diameter, must be, in reality, larger than the mountain 
itsdf. 

The Tatums of the sun at midwinter and midsummer from the 
tropics towards the equator, without any visible cause, appear 
to have excited some attention among the ancients in the inftmey 
of the Greek astronomy: and we leam from Plutarch® that 

• I>e Mundo, Lib. II. Ds Lttn» Propinquitato. 

b flupra. * 1^ Placitifl, Ldb. IL cap. 23. ^ 



endeavoured to acoomit for tbem bjf supiioidng' Ae 
dense air of the polar regions to legist Hhb {Ksasage of the sun 
northward or southward of those parallels of declination. In die 
life of this philosopher, by Diogenes Laertius, it is alleged that 
he supposed the stars were attached to the suparfieies of a dome 
which revolved, originally, about an axis perpendicular to the 
horizon, and that subsequently, the axis became inclined to that 
plane : this, which is quite inconsistent with the opinion that 
the earth is of a globular figure, may seem, however, at first 
sight, to imply a knowledge that the earth^s axis was subject to^" 
a change of position ; but it is very certain that there then 
existed no means of ascertaining tliis fact, and it is probable that, 
in the effort to exhibit a system of the universe possessing the 
utmost simplicity, the observed obliquity of the axis, alone, sug- 
gested the notion of its former perpendicularity. At a period 
long subsequent to the time of this philosopher, when the 
variation in the position of the earth’s axis was discovered, it 
immediately occurred to astronomers that there might have been 
a time when the axis coincided with that of the ecliptic, and that 
tlicre might come a time when it would be again in that situa- 
tion. Impressed with this idea, men of lively imaginations found 
pleasure in contemplating a state of society on the earth when 
the temperature of the spring season should prevail during many 
ages ; but an improved analysis has now dispelled the reverie, 
and shewn that such coincidence never did, nor can, take place. 

From a meteoric stone which, according to Pliny, fell, in the 
days of Anaxagoras, near the river Egos in Thrace, this philo- 
sopher is said to have imagined tliat the stars were fonned of 
material substances which exhale from the earth; probably 
meaning that the planets arc of the same nature as the earth,’ 
and that detached portions of them are occasionally thrown 
upon it; opinions not very remote from those which are, even 
at present, entertained. For, setting aside the common *notions 
that the meteoric stones are formed in our atmosphere, or pro-^ 
jected from volcanoes in the moon ; since the discovery of the 
four new planets between the orbits of Mars and Jupiter, which 
are thought to have been produced by the explosion of some 
great planet fonnerly existing' in that region, philosophers have 
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been M by aj^ogy to ascribe the deseent of sfmee lo,die 
aasne cause ; a number of little fragmeaits were rietacbed, they 
^8U|>|>os^alongysrith the greater masses and, being thrown beyond 
the limits of the attractive powers existing in the larger frag- 
ments, they frU upon the surface of the earth when they happen 
to" arrive within the sphere of its influence. The nature of tiie 
a^roliths affords some argument in favour of this hypothesis, £>r 
they consist of sulphur and ferruginous matter and possess tlm^, 
magnetic virtue ; qualities which are believed to chaiia4itbxize 
^tbe substance constituting the internal part of the earth and, 
probably, of every planet. 

Anaximenes, the last astronomer who was considered as a 
disciple of Thales, was bom about 5S0 years before Christt His 
sentiments concerning the constitution of the universe appear to 
have been nearly the same as those held by Anaxagoras, for 
what is said of one is, also, asserted of the other, and, indeed, it 
must not be supposed that every opinion ascribed to either of 
the Greek philosophers by name was actually maintained by 
him exclusively ; the ancient writers often attributing to an in- 
dividual tlie doctrines which were common to many persons of 
the same school. Plutarch * states that Anaximenes first taught 
the materiality of the heavens; and, according to Diogenes 
Laertius, he asserted that the stars moved not above but about 
the earth ; an expression which seems to indicate that he was 
opposing a vulgar notion concerning the revolution of the celes- 
tial bodies within a vault resting on tlie earth as a basis. But 
Pliny relates of Anaximenes a circumstance of more importance 
than his speculations upon the nature of the universe, which is 
that he set up, at Sparta, an instmment to serve as a sun-dial; 
of what kind it may have been we are entirely unacquainted 
and, possibly, it was that which Diogenes Laertius ascribes to 
Anaximander ; but, if it was used for the division of days into 
portions, it would follow that the Greeks must, then, have ac- 
quired some knowledge of the regularity of the solar movements 
and of their application to the measurement of time. A simple 
gnomon casting its shadow upon a horizontal plane might be 
that which is meant, and the hour lines may have been fraced 
* De Plactiis, Libu HI. cap. 10. 



iiiisriNaico%» witib<mt tiie akl^ ttfibjrniles 

tetit is coDceivsible the dial might hare h&sat<4 13^ 

mw called equaloriali thi^ i«^ H might cc^tisiat chb^ 

^aoe was paiaSd to diat of the equator: on sQcIra fdane the 
hour lines make equal angles mth each other imd^ therdtfii^' 
could be easily traced ; and the style^ bj whose dxadoW iSbc , 
hours are indicated, is peipendicular to the plane of the cifole. 

l^thagoras is the next distinguished philosopher of whom any 
account remains, and he is as much celebrated for his discoyeries 
in pure geometiy as for his asironomical notions. It is unfo# 
lunate that we have none of the works which he must have 
composed, consequently we are uncertain what is due to himself 
and what belongs to those persons who adopted and developed 
his tenets ; and who, to gain authority for their opinions, ascribed 
them to tibeir master. Like most of the learned men among the 
Greeks he travelled into the East; and we learn from Jamblichus* 
that he passed twenty-two years among the priests of Egypt, 
applying himself to the study of geometry and astronomy, and 
causing himself to be initiated in all the sacred mysteries. From 
that country he was carried by the soldiers of Cambyses to 
Babylon, where he conversed with the Magi and, during theWelve 
years that he remained there, learned many things relating to 
numbers and music. If we may believe Porphyry, his desire to 
obtain information carried him as fax as India'; where, if it be a 
well founded notion that philosophy had, in those early times, 
made greater progress than in Europe, it is possible that he 
might have learned some of those doctrines which he is supposed 
to have, afterwards, promulgated, Pythagoras established himself 
at Crotona in Italy and thus, perhaps, contributed to the dis- 
seminatibn of the Greek philosophy in the west, by tlie instruc- 
tions which he, or his immediate disciples, communicated to the 
]>eople of Magna Grrncia ; from whom the Etrurians may have 
caught that portion of science by which they were distinguished 
above the other Italians. 

According to Aristotle, in his second book of the Heavens, the 
Pythagoreans imagined the universe to be divided into spherical 
regions which were occupied by bodies or elements of diiibrent 
De vita Pytbag* LdU» 1. cap. 4. 
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of Gxcdleoee ; they eonsideved dud tbe ceittr% whidi.|s 
the place of honour, was assigned to fire, the most ootde of tl» 
dements, sad |];)6ut this they supposed tho stars, of whidi the 
* earth was esteemed as one, to rerolve. Flutaxcb, in his life of 
' Noma, states that this prince had built, as a represeatatioai of 
. tlfe unirerse, a circular temple which he dedicated to Vrata aad 
Jm which the sacred fire was kept ; and he obserres this 
was in accordance with the opinion of some of the Pythagoreans, 
who maintained that the proper seat of fire was the centre of 
tie universe, for the reason mentioned by Aristotle. It does not 
appear that the Pythagoreans imagined the central fire to be the 
sun, or ibnt the earth and planets revolved about that luminary ; 
but it is distiuctly stated by Aristotle that they conceived the 
movement of the earth about the centre to be the eause of the 
succession of day and night, which seems to shew that the 
earth was supj)oscd to pCTform the revolution in that time. 

’Zwrixf oi ri* 'ira^Uv, KaXcu/xivoi if nf;fi»yo,i.oi, Xiyovtrff \wi /t'.» 
rS fJe-on.nSi iJ»»i TW ii yvf, t> rm aa-rfut oZyur, rtf I 

TO fisVo», »vxT» Ti *«< vonTr *. 

Whether the centre here spoken of is that of tlic earth itself 
or of the region of fire is uncertain; if tlic former, which seems 
to be implied in die expression .diat a revolution about it is the 
cause of day and night, it would follow that die earth was sup- 
posed, at least by some of the Pythagoreans, to be stadonaiy in 
space, though situated at a distance from the centre of the uni- 
verse.' That such a supposition was entertained is well known ; 
for, according to Plutarch'’, Heraclitus andEcphantcs described 
the earth as moving without changing its place, which, how- 
ever, may either refer to the diurnal rotation, or to the continual 
descent before mentioned ; and Cicero relates ' that Nicetas of 
Syracuse considered all the stars to be at rest and the e^ 
alone to be in motion : the same philosopher, he adds, had 
d»ewn that the latter, by a movement on its axis, produced the 
same appearance in the heavens as would be observed if these 
were in motion and the earth at rest. As early , probably, as 

■ Aristotle, De C<b1o, Lib. IT- aip. 13- 

*» De Plttcitifi, Lib. III. Cap. 13. 

* Qiisftt- Acad. Lib. IV. sect. 3J). 
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the time of X^thagoxB^, tiie doetniie of the eaith^s diumal re^ 
volution appears to have been maintained in India*; &sc 
Brahma-Gupta, quoting the words of Aryabhatta# a vexy ancient 
astronomer of that part of the world, tsays The sphere of the 
stars is stationary, and the ear^ maldng a revolution produces 
the [apparent] daily risings and settings of the stars and 
planets” ; and though Brahma-Gupta endeavours to impugn the 
sentiment, asking why, if the earth revolves, objects on its sur* 
face do not fall away from it, meaning perhaps, when by the 
revolution, they arrive under their former place; yet another 
and subsequent commentator, who seems to have lived about 
the eleventh century^ justifies the opinion of Aryabhatta on the 
ground that the under part of the earlli is by turns the upper ; 
and that wherever the spectator stands, on the eaith^s surface, 
that spot is the uppermost point. 

In the dialogue entitled Tirascus is contained an ample develop- 
ment of the ideas of the “ divine Plato” concerning the nature of 
the universe which, as they seem to have been more ancient 
than the notions ascribed to Pythagoras, and to have prevailed 
very generally among the Greeks long ailer tlie times of diesc 
pliilosophers, it will be proper to present here in an abstracted » 
form. TimsBUS is made to say that the Divinity, or the Supreme 
Intellect, composed the universe of fire and eartli, in order that 
it might be both visible and tangible ; but, because two tilings 
in nature, he observes, cannot exist without the intervention of 
. a third, water and air were created and placed between the two 
former elements : taking this account in connexion with a pas- 
sage in Plutarch where it is stated that Plato considered the 
earth to be in the centre of the system, it will be evident that 
TimsBus conceived the elements of water, air and fire to recede 
from the earth as a centre in the order of their densities ; while, 
according to the I^thagorean hypothesis, fire, as we have said^ 
was siq)posed to occupy the centre of the universe : this latter 
was, no doubt, a sort of heresy M^hich arose out of the older 
system, and was, certainly, embraced by few persons though 
Plutarch*^ quotes a passage from Theophrastus to shew that 

* Atiatic Befearches, Vol. XII. ^ D« PladtU, Lib. II. cap. IS. 

* QiifMt. Plat., Mct. VIII. 
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Plato in fais old age adopted it, and admitt^ that the eentre 
ought to be appropriated to some more noble element than the 
earth, or rather, than terrestrial substanee. Timmus adds, diat 
the Divinity gave to the universe a spherical form, observing 
that, as it was to contain all beings within itself, its most con- 
venient figure was that which contains all figures within its 
own ; meamng, perhaps, the regular geometrical bodies, which 
maybe inscribed Within a sphere*, or that/a sphere contains 
the greatest volume witliin a given surface. The opinion of the 
annual revolution of Uie earth, if indeed it be true that this was 
meant by Aristotle, may naturally enough have arisen out of the 
idea that the eailh was not in the centre of the system; since, on 
tliat supposition, it would seem to have on analogy witli, the pla- 
nets, which are observed to revolve about some central point : it 
is generally believed to have been first professed in Italy by Phi- 
lolaus, one of the disciples of the Pythagorean school, who lived 
about ninety years later than its founder; and according to 
Plutarch he, like Anaxagoras, suffered persecution for this doc- 
trine, which shocked the prejudices of men, in those days, so 
much as to subject the person w'ho maintained it to the imputa- 
tion of perversely opposing the dictates of what was then 
considered as common sense, and cause him to incur the sus- 
picion of impiety. Philolaus is said to have resided in Italy 
and to have composed a work on the universe which Plato, who 
made a voyage to that country for the purpose of conversing 
with him, introduced in the Timajus. 

To the Pythagoreans was ascribed the opinion, that diametri- 
cally opposite to our earth, with respect to the centre of the sys- 
tem, was another earth which they called the Aniichtlione ; it will 
be difficult to imagine from whence tins remarkable idea could 
have been taken if it did not arise from a misconception of some 
expression used by Pythagoras to designate the Antipodes, in 
which sense it is used by Pomponius Mela^; or to designate 
the moon herself, as w'e find it to have been in the commentaTy 
of Proclus on the Timaeus. But, if we are to understand the 
word as signifying, according to the general opinion, an invisible 
body accompanying the earth in its revolution, we can only 
* Prodas in Tim., Lib. III. ^ Lib. I. 
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suppose it to hare originated in the notion that when one body 
revolves about a distant centre, another body is necessary, qn 
the opposite side of the centre, to produce an equilibrium with 
the former like that which takes place when two bodies con- 
nected together by an inflexible bar are made to turn on a 
fulcrum situated between them. Democritus of Abdera, who 
lived about 450 years before Christ, and whom Seneca designates 
as the most subtle of all the ancients, is said by tliis writer * to 
have conjectured that there were many bodies circulating about 
the centre of the universe but invisible to us, on account either of 
the obscurity of their light or the positions of their orbits ; he 
ascribes the same opinions to Artemidorus, and from the last 
expression it may be suspected that tliese bodies, like the An- 
tichthonc above mentioned, were conceived to keep always 
behind or opposite to that hemisphere of the earth which was 
then unknown, during the revolution of the latter : but there is 
not the least ground to support the opinion of Sir W. Drum- 
mond, that they were the satellites of Jupiter and Saturn which, 
by means of the telescope, and he endeavours to prove ^ that 
this instrument was known to the ancients, he supposes the 
Greeks, Chaldeans and Hindus to have discovered. 

Some of the ancients seem not to have been aware that there 
might be day-light in one hemisphere of the earth while dark- 
ness prevailed in the opposite ; and imagining that all the earth 
must be enlightened at one time, they appear to have enter- 
tained an opinion that, for this purpose, each hemisphere had 
its particular sun and moon. The Jainas in India ^ are said to 
have imagined the existence of two suns, as many moons and a 
double set of planets and stars, which they supposed to revolve 
about the pyramidal mountain occupying the middle of the 
earth : md such notions are, probably, the foundation of the 
opinion ascribed by Plutarch to Xenophontes ** that there ex- 
isted a plurality of suns and mooUs. Cleomedes mentions, also, 
an opinion that the number of pl^ets was infinite of which, he 
observes, five only could be seen by us ; those invisible planets 
appear, like the Rahu of the Hindus, to have been considered 

• Nat. Qiuest. lab. VII. cap. 3 & 13. » Origines, Book IV. Chap. G. 

® Asiatic Bos. Vd. XII. * Be Piadtis, Lib. II. Cap. 24. 
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OB th^ causes of the eclipses of the moon ; a notion allu4ed to 
by Lucretius * and which was, certainly, maintained in flje in- 
fancy of astronomy. But it is an important circumstance in the 
histoiy of the science that, before the time of Plato, the opinion 
that both hemispheres were successively enlightened by the re- 
volution of the earth on its own centre, or axis, was veiy 
prevalent ; in proof of which it may be alleged that it is re- 
ferred to in the Timmus ; and Aristotle expressly asserts that 
some persons admitted this notion though they considered the 
earth to be situated at the centre of the universe. 

The disciples of Pythagoras arc said also to have entertained 
the opinion that tlie fixed stars are, like our sun, the centres of 
systems of planets ; and it is added that some of those persons 
considered the comets, not as meteors formed in our atmosphere, 
which was the general notion, but as planets subject to the 
sun's influence and revolving about him. No dependence, how- 
ever, can be placed upon such asseilions, and many of the 
opinions winch have been ascribed to the members of that 
school, undoubtedly, originated in a much later period. 

Pytliagoras is alleged, probably with truth, to have adopted 
the notion of Anaxagoras that the^moon was inhabited ; and we 
learn from Plutarch ** that he endeavoured to prove the lunar 
plants and animids to be more beautiful, and fifteen times as 
large as those of the earth. This is, indeed, a romance worked 
up in the spirit of the adventurous philosopher who, in the lan- 
guage of Dr. Chalmers, ‘‘ leaving the sobriety of experimental 
science, by vague and general analogies, makes a loose applica- 
tion of the natural histoiy of the earth to that of the planets, 
and shifts his speculations from thyBnce to the chai*acter of their 
inhabitants, availing himself of some slender correspondence 
between the heat of the sun and the moral temperament of the 
people it shines on in which, as the same elegant writer ob- 
serves, he is evidently expatiating on the field of imagination 
and is venturing on a dark unknown where the wisest phi-- 
losophy is silence.” Plutarch ascribes to Pythagoras the idea 
that the lunar nights are fifteen times as long as those of the 
earth ; which, if understood to mean fifteen durations of our day 
* I)e Rerum Natursi., Lib. II. ** L© PlEcitis, Lib. IL Cap. 30. 
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and night, would seem to shew that he was aware of the ^>eriod 
in which the moon revolves on her axis ; this is, however, 
doubtful, and it is more probable that the length he has assigned 
to the lunar night was obtained from some one of the fanciful 
analogies in which the learned men of that age and country 
were so much accustomed to indulge. 

‘ Another remarkable doctrine which appears to have been 
held by Pythagoras, or by some of his earliest disciples, is that 
tlie celestial spheres, during their revolutions emit musical 
sounds of various intensities according to their distances from 
the earth, all which, however, were supposed to be inaudible to 
men*. Now, according to Plutarch the interval from the 
eartli to the fixed stars being, by these philosophers, considered 
as the Diapason or extent of seven tones, the distances of the 
seven planets, including the sim and moon, from eacl^ other, 
were expressed by tones and half tones in different proportions ; 
and there can be little doubt that, by this harmony of the 
spheres, they only meant to express the order supposed to pre- 
vail in the disposition of the several bodies which constitute the 
universe : Dr, Gregory however, draws from the idea a proof 
that the Pythagoreans were acquainted witli the Newlonian law 
of the decrease of gravity. He obsen’^es that these philosophers 
have veiled their doctrine under an allegory when they assert 
that Apollo touched a seven-stringed lyre ; which he supposes, 
agreeably to an idea of Macrobius to represent the sun and 
seven planets, and to indicate that the former retained the latter 
in their orbits by attractive forces in harmonic proportion ; and, 
because the tones obtained from cords equally thick but of dif- 
ferent lengths are inversely proportional to the s(|uares of tlie 
lengths of the cords, he infers that the hannonic proportion 
alluded to, in the attractive forces, is the inverse duplicate of 
the distances of tlie planets from the sun. Nevertheless few 
persons will, wc imagine, be inclined to believe that the doc- 
trines of Pythagoras, or of any of his disciples, lay so deep as is 
here supposed. 

While the science of astronomy was spreading towards the 

* CensorinuB, De Die Natali, cap. 13. * ** Be Musica. 

* ABtnmomisB Elementa. ^ Macrob. Sat. 1. 19. 
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West by the labours of those persons who were educated in the 
Crotonian school, it continued to be cultivated in the states of 
Greece ; where, about one hundred years after the tune of 
thagoras, Democritus of Abdera made himself cdefarated by his 
efforts to assign a physical cause for the origin of the universe. 
This philosopher, whose notions appear to have been sub- 
sequently adopted by Leucippus and Epicurus, and are fully 
developed in the ^oem of Lucretius % and whose system of 
nature resembles, in some . respects, that of Descartes, is said by 
Aristotle ^ to have taught, that innumerable atoms, coming from 
every part of space and striking each other obliquely, formed 
vortices in which the lighter particles ascended towards the sur- 
face, or upper regions of each vortex, while the moje gross 
concreted together about the centre, and thus constituted the 
sun, planets and earth ; the latter he supposed to remain at rest 
in the central vortex where it was formed, but the others were 
conceived to revolve about it at various distances, the nearer 
planets moving with less velocity than those more remote. 

That astronomical observations were occasionally made at this 
time in Greece, and that they were registered and compared 
together for the purpose of regulating the calendar, and perhaps, 
of forming tables of the movements of the sun and moon, is 
rendered probable by the consideration tliat the lunar cycles 
now began to be employed in that country in order to make the 
festivals which depend upon the moon fall in tlie same season 
of the year, and to render their commencement an epoch from 
whence the times of the observed phenomena of the heavens 
might be reckoned. The Philolaus above mentioned is stated 
to have invented a cycle of fifty-nine years which he called a 
great year and in which he said were contained twenty -one in- 
tercalary moons It is uncertain by what estimate of the 
length of the solar year and of the time of a lunar revolution he 
formed this period ; but, if he considered die first as equal to 
365 days, and the latter to 29.75 days, there will be about 729 
complete lunations in that number of years, and then, the lunar 
year being equal to twelve such lunations, there must be added 

* Be Reram Nature. De C!o^, Lib. I. 

° Plutarch, de Placitis, Lib. II. cap. 90. 
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twenty-one of these to make the number in 59 lunar years 
equal to the number in 59 solar years ; and it is not improbable 
that the cycle may have been so determined. 

It appears from Diogenes Laertius^ and Censorinus*’ that 
either Cleostratus or Eudoxus was the autlior of the Octa^teris^ 
or cycle of eight solar years ; but it is easy to conceive that, 
from its simplicity and inaccuracy, it is likely to have been in 
use before the times of tliose philosophers ; and wc conclude, 
therefore, that its invention may with propriety be assigned to 
the age of which we are speaking. According to Geminns, the 
period consists of 2922 days, and contains very nearly 99 
months, or synodical revolutions of the moon ; he says each of 
these was estimated at 29j+-5^ days, (29.5303 days.) and that 
ninety-nine such months are equal to 2923 J days ; which, tliere- 
fore, exceed the above value of 8 years by one day and a half. 
Considering, consequently, tlie lunar year to consist of 12 months, 
or 8 lunar years to consist of 96 montlis, they intercalated, in 
each octaeteris, 3 months, in order to make the lunar calendar 
agree with the solar: the error of one day and a half must, 
however, have remained, and this, in 160 years, must have 
amounted to about one month 

But the most famous cycle of antiquity is that which was in- 
vented, or improved, and promulgated by Melon and Euctemon, 
at Athens, and which began to be employed on a day correspond- 
ing to the 16tli of July in the year 433 Before Christ. From a 
passage in Ptolemy’s Matlicinatical Syntax** wc learn that, 
according to Hipparchus, in his work on Embolismic Months 
and Days^ (since lost,) the above philosophers had found, by 
obsen^ing the epoch of a solstice at Athens in the year 316 of 
Nabonassar, or 430 Before Christ, and comparing it with one 
of more ancient date, the length of the solar tropical year to be 
365-f <hiys, or 365.2368 days ; and, assuming the duration 
of a synodical limar revolution to be 29.53 days, Melon is said 
to have found that 19 solar years contained 235 lunar revolu- 
tions, or 19 lunar years together with 7 intercalary revolutions; 
the lunar year being understood to be equal to twel^ revolu- 

• Lib. VIII. ** De Die Natali, cap. 18. 

De Appareiitiis Ccelestibus, cap. De Mensibus. ^ Lib. III. 
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taons* or 3M.S58 days. TJiis cycle xoneteea yeai% whicb ^ 
called by the name of its inventor, has been ever since bis time 
employed for the regulation of the public festivals depending 
upon the moon: it is found in the astronomical worhs of the 
^ Arabians and Hindus ; but whether either of these people re- 
ceived it from the Greeks, or the Greeks from the Hindus, or 
whether it was the result of independent observations made by 
either people, it is' impossible to determine. The arrangement 
of the calendar, according to Meton was, that of the 235 months 
of the cycle, 110 months should have 29 days each, and the 
remaining 125 months, 30 days each ; but as this number of 
days exceeds the length of nineteen solar tropical years by about 
one quarter of a day, at the end of four times nineteen years, or 
76 years, the excess amounts to one solar day and the cycle 
soon became erroneous. To remedy this evil Calippus sub- 
sequently quadrupled the fi>nner cycle, and proposed another of 
76 years, at the end of which time one day was to be omitted: 
this cycle began to be employed in the year 330 Before Christ, 
and it was expected that it would produce an exact agreement 
between the calendar and the seasons ; but the values assigned 
to the solar and lunar years not being quite accurate, such is not 
the fact ; the error dicnce arising in tlie course of many ages, is 
found, however, to be of small amount. 
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CHAPTER IX. 

CELESTIAL SPHERES IMAGINED BY THE GREEKS. 

The constellations described by Eudoxus. — Uncertainty of the positions 
assigned by this philosopher to the equinoctial points.— ^Probability that 
Eudoxus made observations with instniments. — The system of concentric 
spheres supposed to have been invented by him.^Dispositiotis and xnore<« 
ments of the planetary spheres according to Eudoxus. The number of 
spheres increased by Calippus— .Nature and general laws of the motions of 
concentric spheres.— Investigation of the planetary orbits recommended by 
Plato. Ills disposition of tbe orbits.— The eternity of the universe osserteil 
by Aristotle. — His opinion that the planets move with equal velocity.— His 
estimated magnitude of the earth and sun. — He augments the number of 
planetary spheres.— Celestial ohser\'atious made by Pytheas.— Opinions of 
the ancients concerning the tides. 

About sixty years after the adoption of the JMctonic cycle a 
description of the face of the heavens and a system of the uni- 
verse appear to have been made public by Eudoxus of (hiidos, 
who lived about 370 years before Christ and was certainly one 
of tlic most celebrated mathematicians of his time, since he is 
acknowledged to be the author of one of tlie most important 
books in tliat collection of the elements of Geometry which is 
ascribed to Euclid. 'Ihc astronomical works composed by him 
are lost, but one of them, which seems to have contained a de- 
scription of the constellations, was paraphrased by Aratus about 
one hundred years after his time in a poem still extant ; ftom 
this it appears Uiat the constellalioiis into which the heavens were 
lliCTi divided were, nearly the same as tliose represented on our 
present celestial globes. It is found, however, that the relative 
positions assigned by Eudoxus to the fixed stars present very 
numerous discrepancies, and it has been attempted to explain 
them by supposing that the philosopher bad copied the places 
of the stars from registers of ancient observations, which, having 
been made at different times, could not agree with each other 
on account of tbe movement of the equinoctial points in the in- 
tervals ; but the irregularity of the errors is so great as to render 
it impossible to avoid concluding tliat the places of the stars 
were estimated by the eye alone, and without any attempt at 
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precision. Aratus remarks, and his obscarYalions may be con- 
sidered as those of Eudoxus himself^ that the stars levolve 
regularly, meaning with equal angular velocities, because they 
are permanently fixed in the celestial sphere ; but he adds, th^e 
are some among them, meaning the planets, which change their 
places, performing revolutions and returning to conjunction in 
the same part of the heavens at the end of various iutm'als of 
time ; and he directs that their places should be observed by 
referring them to the fixed stars which they occasionally ap- 
proach. From this precept Delambre concludes that the Greeks 
then possessed no instruments for determining the longitudes 
and latitudes of stars, and that they were almost entirely ig- 
norant of any theory of tlie planetary movements : both these 
consequences, however, do not necessarily follow, for it is pos- 
sible that Eudoxus may have used instruments though Aratus 
has not noticed any observations made with them, which might 
be because such details do not form fit subjects for a poem. 

It would be desirable to ascertain, if possible, firom the work 
of Aratus, the position which Eudoxus assigned to the equinoc- 
tial or solstitial points, in order that the subsequent movement 
of those points might be determined with precision ; or, assuming 
this to be known, that the time might be found at which the 
observ ations were made from whence the position so assigned 
was discovered ; but it is to be regretted that the description he 
has given does not enable us to arrive at any satisfactory con- 
clusion on either of these heads. Eudoxus mentions particularly 
the two tropics and the equator, observing, as is related by 
Hipparchus in his commentary on Aratus, that the northern 
tropic touches the zodiac in, or about the. constellation Cancer, 
and that the soutlieni tropic cuts the middle of Capricomus : 
hence he must have supposed the equinoctial colure to pass 
through the middle of tlie constellation Aries. But tlie difficulty 
is to ascertain where is the middle of that constellation ; for if 
we suppose its whole extent to be equal to 30 degrees, the value 
now given to it, and that it commenced with y Arietis, which is 
the ‘first remarkable star in it, and whose longitude is at pre- 
sent equal to about 30 degrees, since the equinoctial colure 
passes near a Andromed® ; it would follow that the precession 
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in the inten^al between the time in which we live and tbe^ in- 
dicated by the abeve position of the same coluxe, is afout 45 
degrees ; which, at the knoum yearly rate of precession, wdtild 
place the epoch of that position at above 3200 years since. Or, 
since I^lemy makes the difference of longitude between the 
two stars which he considers as tlie first of Aries and of Taurus 
respectively, probably those marked y and 3“ in Aries, to be equal 
to 18 degrees only ; if this be taken for the extent of the con- 
stellation, the precession, since the time when the colure was in 
the middle point between these stars, would be 39 degrees, 
which places the epoch of that position at about 2800 years 
since, or about 970 years before Christ; and according to 
Geininus, who lived 300 yeai-s after Eudoxus, it appears that 
the latter philosopher placed tlie vernal equinox in the sixtli 
degree of Aries which, if the star y be taken for the first in tlie 
constellation, would bring tlie epoch to the year 750 Before 
Christ : now it is not impossible that, by observations made at 
one of these periods in Egypt or Chaldea, tlie vernal equinox 
might be found to be situated about the middle of Uie constella- 
tion, and Eudoxus, being ignorant of tlie precession, may have 
supposed it to occupy the same place in his daj^s; but this 
situation is completely at variance with that deduced firom the 
position assigned by Eudoxus to the stars Castor and Pollux, 
both of which, according to Hipparchus, he placed in the sol- 
stitial colure: now the longitude of Pollux is known to l>e 
2* 20^ 44' greater than that of y Arietis, therefore the equinoc- 
tial point should, if the former star were in the solstitial colure, 
be 9° 16' westward of the latter star; and, as this was its posi- 
tion about 700 years after the time of Eudoxus, there must 
consequently be some great error cither in the work of that 
astronomer or in the paraphrase of Aratus, firom whence Hip- 
parchus drew the notice concerning the place of Castor and 
Pollux. The last mentioned philosopher, who has pointed out 
this mistake, obsen^es also that Eudoxus has committed another 
error in saying the stars of Aries are too small to be visible at 
the time of full moon, whereas three of them are then veiy dis-» 
tinguishable ; and Delambre, apparently with good reason, 
considers these circumstances as proofs of inaccuracy, but M- 
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Baiiy^j^deayours ^ to account for tlieiii by suppOBing Uiat the. 
first oi^the zodiacal consteDations, in the time nf Eudoxus, 
menced as in the Hindu astronomy at a point situated Id 
degrees westward of the circle of longitude pasirag lixfou^ y 
Arietis. Now it wUl be found, by computing backwards with 
the received value of the precession that, in the time of Eu- 
doxus, the equinoctial colure passed through y Aiietis, and it 
would follow, agreeably to the supposition of Bailly and the 
statement of Eudoxus, that the colure was then situated about 
the middle of the constellation : but the hypothesis of the French 
astronomer will carry him no further ; on the same supposition 
it will be found that the star Castor was, in the time of Eu- 
doxus, situated, in longitude, about ninety degrees ^eastward 
from the origin of the zodiac ; and Bailly conceives that this 
may have induced him to consider it as in the solstitial colure 
though, in reality, it must have been about 13 degrees from it. 
The remark of Eudoxus concerning the invisibility of the stars 
of Aries admits of no better explanation, for Bailly evidenOy 
supposes that the constellation which the Greek asb'onomer 
calls Aries coincided with tliat now called Rsces which, cer- 
tainly, contains only very small stars ; yet, since y Arietis is 
made the middle point, it is clear that the three principal stars 
of Aries must be included in the same constellation. 

The intention of Bailly is to prove that the astronomy of 
Eudoxus was derived from India, but the circumstances above 
stilted will scarcely be considered as favourable to the opinion, 
and, even if it should be admitted that a zodiac, whose com- 
mencement is in tlie situation above supposed, was ever received 
in Europe, it would be equally probable that it came from 
Chaldea or Egypt ; from whence also it might have found its 
way to India, where it has ever since continued in use, while, 
in this part of the world, a new origin of the constellations may 
have been chosen soon after the time of Eudoxus. Among the 
ancient Persians the commencement of the zo^ac appears to 
have corresponded with that which so long prevailed among 
the Greeks, and, no doubt, both people received their astronomy 
from the same school. 

* Aatronomie Indienne, Chap. X. aecu 4—10. 
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We have given some account of the means which maf have 
been originally employed to divide the ecHpttc into signs for 
the purpose of designating the longitudes of stars : but as it can 
hardly be denied that Eudoxus made use of instruments in de* 
termining the times of the equinoxes and solstices,, it maybe 
proper here to observe that some light has been thrown upon 
the manner of distinguishing the places of celestial bodies, by 
the translations lately made of the astronomical works of the 
Hindus ; for it is probable that the practice of this people, at 
the time when the science flourished among them, was nearly the 
same as that which was pursued more anciently in otlier parts of 
the East. Mr. Colebrook, in a paper on the Hindu division of the 
zodiac, having shewn that the ancient natives of India, in finding 
the longitudes and latitudes of stars with circular instruments, 
made use of a circle of declination instead of a circle disposed 
perpendicularly to the ecliptic, and caused its plane to pass 
through the star whose situation was required ; concludes that 
the longitudes were reckoned, on the ecliptic circle, from the 
equinoctial point to the intersection of the circle of declination 
with the latter circle, and that the latitudes were reckoned on 
the circle of declination from the ecliptic to the star*. Ihis 
method of’ observing, if we may be allowed to suppose tliat it 
was practised by Eudoxus and other Greek astronomers down 
to the time of Hipparchus, will permit us to consider that, more 
anciently, the equator, only, was divided into twelve equal parts, 
or signs ; to accomplish which by means of the Clepsydra would 
be a much more easy task than that of so dividing the ecliptic ; 
and we may then admit that the divisions of the latter circle were 
but rudely estimated before the invention of trigonometry by 
Hipparchus. Bailly, indeed, endeavours to shew that the 
longitudes of celestial bodies were by Eudoxus reckoned on the 
equator^, but his proofs are too few to inspire confidence ; and, 
besides the probability of an error in one of the numerals, in 
the texts of such writers as Oeminus and Columella, to whom 
he refers, it is by no means certain that the stars a Arieiis and 
a Capricami were by these authors taken to dengnate 
places of the equinoctial and solstitial points. 

* Asiatic Researefaas, V6L IX. * Astr. Anoieiiiia Edatrc. liv. VI. sect.* 1 1. 
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Tfaitt Eudoxas had made some obemratmns xm altitndea 
of the sun hy the gnomon or otherwise^ is prohaUe Atm a 
mark made by Hipparchus quoting a work of tbis phQo- 
sopher ; he observes that the declination of the son at the times 
of the winter and summer solstices did not agree with each 
other, and that the ancients, probably meaning Eudoxus, con* 
sidered these variations to be owing to certain small deviations 
of the sun, in his annual course, from the mathematical circum* 
ference of the ecliptic. According to Hipparchus this deviation 
of the sun in declination amounted to about five minutes of a 
degree ; and it is true that there is a deviation of the sun finm 
the plane of the ecliptic, which is caused by the attraction of the 
planets, but its value is far from being so great as that supposed 
by the Greek astronomer, who has evidently been misled by 
errors of observation. Eudoxus is said to have been the first of 
the Greeks who discovered, that the moon^s orbit was inclined to 
the ecliptic, and that the points of her greatest latitude were 
subject to a movement contrary to the order of the signs but 
we have already shewn how the latter fact may have been ascer- 
tained by means of a register of the solar and lunar eclipses; 
and, therefore, it is probable that this philosopher was merely 
the first who determined the elements of the lunar orbit by in- 
strumental observations, 

ITie circumstance which has given particular celebrity to the 
name of Eudoxus is the alleged invention of the system of con- 
centric spheres by whose movements it was attempted to 
account for Uiose observed in the planets. It is easy to con- 
ceive that a movement which appears to take place in any 
direction, while the moving body seems to remain always at the 
some distance from the observer, would be immediately ex* 
plained by considering the body to be attached to the sur&ce 
of a material sphere revolving on an axis. If the motion of 
the body should appear to take place in a plane which is not 
perpendicular to the supposed axis of the sphere^s motion, it 
might be still represented by supposing the sphere to which the 
body was attached to be, itself, contained within another ; this 
within a third, and so on ; each spherical shell being endowed 
* ShopBciui, Comment. 46, Lib. If. Be oodo* 



ljiil& ii itfldtf aa^ tsf 

dcUng it« motka lo tlie next, by ^bicb Daegosilie Attacl^ body 
would appear to be carried in some dureeridu oblique to that 
produced by^tik proper motion o^ the sphere to whidt it 1^- 
longed: and in tins manner Eudoxus proposed to explain tbe 
motions first obsmted in the sun, moon and planets. 

It appears that, in its most simple state, this system required 
three spheres for each planet, and one sphere, denominated the 
Primum Mobile, was supposed to enclose the whole, of which 
the earth was the common centre ; and, as the planets are at 
different distances from the earth, it was necessary to consider 
the spheres as transparent or of a crystalline nature in order to 
permit the remoter planets to be seen through the spheres of 
those which are nearer. 

Perhaps, at the first view of the heavens, it may hare been sup- 
posed, as was obsen^ed in Chap. V., that the sun, moon and stars 
were attached to the concave surface of one material and revolving 
sphere, but the variety of movements in the planetary bodies must 
have soon suggested the notion that these, at least, were moved 
independently of each other and of the rest ; and it is probable 
enough, from a passage in Aristotle where it is affirmed that the 
Egyptians and Chaldeans understood tbe planets to be at dif- 
ferent distances from tlie earth, and in Plato**, where the philo- 
sophers of Chaldea and Egypt are said to have maintained that 
the eighth sphere turned with the diurnal rotation only, that, 
among these people, originated the opinion that each was at- 
tached to a separate sphere by whose movement it was carried 
about the eartl). In the time of Eudoxus the natturc of the 
more ancient planetaiy systems may have been well known: 
whether or not they were similar to that wliich is attributed to 
tiie Greek philosopher no evidence remains to shew ; but wc 
may safely allow that the latter is entitled to the merit of Imving 
adapted a system of spheres to the state of astronomy in his time, 
and perhaps, of being the first who introduced to the Greeks 
that mode of r^esenting the phenomena of the heavens. 

The most ancient accounts we have of the disposition of the 
planetary sph^es, are contained in the works of Aristotle and 
* De CdOo, Lib. IL Cap. IX Do Bepublicii, Lib. X. 
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tion in (lie motion of toe planet^ acocirtong ee toe iwn 
moved in too same^ or in oppoitito directionei but t|iet toe 
rior communicated no motion to tote superior epbere : and ](jwl 
all too spheres were supposed to be in contact It seems to have 
been remarked^ that toe times in^which toe diurnal' inotions ai 
toe sun and moon were performed, were something longer thati 
that in which too like motion of toe fixed stars was accomplished; 
hence, a particular sphere was thought necessary for each oi 
those luminaries; and as, probably, toe like retardation was sup* 
posed to take place in toe diurnal movements of toe planeU, each 
of these was, for toe same reason, furnished with a paxtieiilai 
sphere in order to produce ^toat movement The revolution oi 
each of toct^ sjiheres was supposed to be accomplished about 
the axis of toe earth’s equator, and its velocity was supposed to be 
equal to that of toe general sphere of the fixed stars, though toe 
motion it produced in too planet to which it belonged was lesi^ 
on account of tlic retardation caused by toe contrary motion oi 
tlic second or next interior sphere, which was imagined to turn 
on too axis of toe ecliptic. Some doubts seem to have been en<* 
teriaiued by toe ancients concerning toe directions in which toe 
proper motions of toe sun, moon, and planets took place ; for it 
is observed by Gominus*, that certain persons, unwilling to ad* 
mit toe existence of contrary movements in toe celestial spheres, 
conceived the motion from west to east to be only apparent, and 
toe real motions of those celestial bodies to be directed fix>meast 
to west, like that of the sphere at toe fixed stars; supposing that, 
on account of toe superior velocity of toe latter sphere, the 
erratic bodies remained be]iind and, consequently, seemed to 
recede fi:om toe others in on opposite direction. The opinion, 
however, is opposed by Geminus, and is, plainly, inconsistent 
with toe movements ascribed to toe planets in toe systems of the 
later Greek astronomers ; yet it appears to have been adiiutto4 

* De Apparentiis CccteatllmB, Cap. Be Mdtu Planeta». 
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as directed from east to west^ is comifi^icated to the dif- 
iemiit spheres <of the planets). In a later age, notwithstand- 
ing ^ increased complexity o^the cdestial macbineiyi^we find 
the idea of a movement in the same direction i»till retained ; for 
Alpetmgius observes, that all the movements which are proper 
to the planets are modifications of that of the Primnm Mobde, 
or sphere of the fuced stars : he adds, that the power of motion 
exists, essentially, in the latter, and is imparted to the other 
spheres, becoming weakened as these approach the centare 
of the system; and thus the planets seem to have a proper 
motion, from west to east, which is greatest in those nearest 
toihe earth, because they lose more of the force of the Primum 
Mobile. 

Simplicius states^ that Eudoxus and the philosophers who 
preceded him, probably the Chaldeans or Egyptians, supposed 
the sun to be influenced by three movements. The first was di- 
rected from east to west, or, as wc have said, in the order of the 
diurnal revolution of the fixed stars and about the same axis, 
which was considered fixed in space ; and this caused the daily 
rising and setting of that luminaiy. The second movement was 
in a contraiy direction, or from west to east, by which the sun 
was carried in one year through the signs of the zodiac, or, as 
they were then called, the twelve animals ; the axis of revolu- 
tion being perpendicular to tlie ecliptic and performing a coni- 
cal movement, in the same time, about the axis of the equator, 
by which the sun is made to ch^pge his place of rising and 
setting, daily, agreeably to the observed phenomena. These two 
spheres probably, at first, sutRced to explain the solar move- 
ments, but Sim'pUcius observes that, since the changes of the 
sun*s decimation are not performed in precisely the same tame 
as his revolution in longitude, a ihiiH sphere was found neces- 
saiy. Now there is no reason to believe that the real movement 
of the equinoctial points and the real change in the obliquify of 
the ecliptic were known in the days of Eudoxus, but solstkial 
^d equinoctial observations made with Imperfect mstroments 
appear to have given rise to an opinion that the sun’s greatest 

* Almageit. l^b. Xf 11. Cap. 2. 
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to represent this pretended inequality. Its aads was 
to hate a^ small inclinatioii to Aat of Ae ecliptic^ imd tike edtre-^ 
unties of Aat asiiB, which were attached to Ae second sphere 
at a Astance from Ae poles of Ae latter equal to Ae exc^ of 
Ae greatest obsen^ed declination of Ae son from Ae equator 
above Ae mean declination^ w^e carried 'wiA it in email >c]arcles 
jAout Aose poles while Ae ephere itself performed annually a re- 
volution on its axis in retrograde order ; Aus Ae sun, which 
vras imagined to be attached to this third inhere, would appear 
to describe a paA not coinciding with Ae ecliptic, but crossing 
it in two points diametrically opposite to ^each other, and devi- 
ating from it as much as the excess above mentioned ; these in- 
tersections being carried in retrograde order Arough Ae circum^ 
ference of Ae ecliptic, it would follow, Aat Ae restitutions of 
Ae sun^s declination take place in less time Aan Ae annual re- 
volution of Ae sun in longitude is perfonned ; which was sup- 
posed to be conformable to observation. 

The lunar system of Eudoxus was nearly simjlar to Ae solar; 
for he assigns to Ae moon Aree spheres of wliich one, as Sim- 
plicius shews in tlie work above quoted, revolved in Ae same 
manner as Ae fixed stars ; Ae second revolved from west to east 
about tlie axis of the zodiac and carried Ae poles of Ae Aird, 
which were distant from its own as much as tlie moon’s greatest 
latitude. By the first of Aese spheres Ae Aumal motion of Ae 
moon was produced ; and by Ae second was exhibited boA 
her direct monthly revolution in longitude and Ae retarda- 
tion of her Aumal motion M'iA respect to tliat of Ae fixed stars. 
The moon herself was attached to Ae Aird sphere and Aus was 
carried by the motion of Ae second along her apparent monthly 
paA, obliquely to Ae ecliptic, so as to produce Ae daily changes 
of h&r latitude: but Ae third sphere performing in eighteen 
years a revolution on its axis in retrograde order, Ae nodes of 
Ae moon’s paA were in that time carried Arough Ae circum- 
ference of Ae zodiac, in Ae some order, agreeably to obsmratioti. 

Aristotle Aews ^ that Eudoxus gave to each of Ae planets 

* J^Ietaphysica, Lib. Xll. esp* 3. 
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fom spheres, of which the first md second were similar in^posi- 
tion ahd movements to the first two spheres of the sun and moon: 
for the exterior sphere of each planet revolved daily like that of 
the fixed stars firom east to west, bat with less vclocily on ac- 
count of the retardations caused by the contrary movement of 
the second sphere. The axis of the latter was supjKxsed to co- 
incide mth that of the zodiac like the axis of the corresponding 
sphere in the systems appertaining to the sun and moon ; and 
this sphere also revolved from west to east, but in the times 
employed by each planet to describe the circumference of the 
zodiac : thus, he observes, the stars of Mercuiy and of Lucifer, 
[Venus] which appear always to accompany the sun, arc carried 
round in one year; the star of Mars, in two years ; of Jupiter, 
in twelve ; and of Saturn, in thirty. Tlie other two spheres be- 
longing to each planet were intended by Eudoxus to produce 
the alternately direct and retrograde movements exhibited by all 
the planets, and appeal* to have been disposed in the following 
manner; the axis of die third sphere lay in the plane of the 
ecliptic, by which means the movement of this sphere was per- 
pendicular to thq,^ of the second, so tliat if a star had been placed 
on any iiart of the surface of this sphere except in oitlier of its 
poles, it would have appeared to describe a circle about its poles, 
and to be alternately above and below* the ecliptic while it was 
carried through its circumference by the motion in longitude, 
by which means it w*ould have been subject to greater changes 
of latitude than are consistent with tlie observed phenomena : in 
order, therefore, to remedy this imperfection and, at the same 
time, produce the alternately direct and retrograde movement, 
it was necessaiy to employ a fourth sphere which was made to 
revolve upon an axis inclined to that of the third sphere, and in 
a direction contrary to that of the motion the latter, but with 
twice its velocity. 

Now, if the pole a (Plate I. fig. 1.) of the fourth sphere be 
brought into^ the plane of a great circle, as b a, passing, peipendi- 
cularly to the ecliptic c n, through E, the pole of the third, and if 
a star be then situated on this fourth sphere, immediately under 
the last mentioned pole; since the angular movement of the 
star at £ about the pole A, is twice as great as that of a about 
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the pole E, and in a contrary order/it will fcA^ thitt W!ien a 
has movfHl through any arc, as a a' the star uhdi^ E wfll have 
mored to EV this point will be in the plane of the eciiptie 
because the angle e a"e' is double the angle a e a', or its equal 
E A'e, formed by drawing A'e perpendicularly to c n. And it is 
evident that, the distance of the star from a being equal to that 
of the poles a and E from each other, the star will be always in 
the circumference of the ecliptic so as to appear from the earth 
to move, altemalely in direct and retrograde order, to equal dis- 
tances on either side of the pole of the third sphere, the extent 
of the arcs of motion depending upon the distance between the 
two poles. In the case here assumed the planet would appear 
to have no latitude, but if the distance of the star front the 
jK)lc of the fourth sphere were greater or less than the distance 
of tliis pole from that of Uie third sphere, the planet would ex- 
perience continual changes oT latitude, and would be in the 
ecliptic twice only, in one revolution of the pole of the fourth 
sphere. The times in which the retrograde and direct move- 
ments are ptjrfonned, are not, however, equal, either in this or 
in the former case, because the velocity of retrogradation is only 
equal to the difference between the velocities of the star and of 
the pole E, and that of the direct movement is equal to their sum. 
With respect to the inferior planets, the periods assigned by Eu- 
doxus to the revolution of the tliird sphere are, for Venus, nine* 
teen months, and for Mercury, 110 days ; being nearly the times 
wliich elapse between two inferior or two superior conjunctions 
with the sun : and, if the pole of Oie third sphere be suj:)poscd 
to con’espond with the place of tlic sun, it is evident that the 
machinery above described will represent, though rudely, the 
apparent deviations of those planets from, and their returns 
towards that luminaiy. But, with respect to the superior pla- 
nets, the periods he has assigned to the revolution of the third 
sj)hcre are, for Mars, eight months and twenty days, and for Jupiter 
and Saturn, each, three months and ten days ; these periods cannot 
be so easily explained, but, probably, they relate to the times in 
which the arcs of direct or retrograde movement were supposed 
to have been accomidished by those planets respectively. 
Tims, as Simidicius observes, the whole number of spheres 





m 


[chap. 


imaigined io exists in Ithe time of Eudo3Ut» wae twenty-f^veiaE ; 
fmt . these were xisuaUy considered as eight spheres because 
the three belonging to Che sun, the three to the moon, and the 
four to each of the five planets, were respectively reckoned as 
one andUlh^^ besides, the sphere of the fixed stars. 

But some of the inequalities of motion arising firom the ellip- 
ti'eity of the orbits of the planets, and fi^om their mutual bMibc- 
tions, could not &il to be discovered in proportion as observations 
became multiplied and more accurate, and it was found necessaiy 
to imagine new spheres in ord^ to represent these Tariations; 
tiiis, it appears, was attempted by Calippus who, as Aristotle 
rdates in the twelfili book of his Metaphysics, added two 
spheres to the three which had been given by Eudoxus to the 
sun ; the same number to the system of the moon, and one to 
that bdonging to each of tlie two inferior planets. The four 
spheres which Eudoxus had given to each of the superior pla- 
nets were supposed sufficient to explain their movements, and 
thus, the whole number of spheres including that of the fixed 
stars was thirty-tliree. Aristotle distinguishes these into Astii- 
feras and Anastros ; and he observes tliat of tiie former there 
are eight and of tlie latter, twenty-five. The Astriferas, or those 
spheres bearing stars, must have comprehended that of the fixed 
stars and the seven to which the planets were attached ; and 
the others must have been Uiose employed to give movement to 
the latter splieres, * 

The two additional spheres applied to the sun and moon being 
intended to produce the accelerations and retardations of motion 
observed in those celestial bodies when in pmgeo and in apogeo, 
respectively, were probably situated withjn the three former, simi- 
larly to the interior spheres assigned to each of the five planets by 
Eudoxus : that is, the axis of the fourth mi^t lie in the plane 
of the ecliptic, so that the revolution of this sphere might be per- 
formed perpendicularly to that plane while its pole was carried 
along the circumference of the zodiac, in one year for the sun, 
and m one month for the moon, by the general motion of the se- 
cond sphere ; and the axis of the fifih might be oblique to the 
former, so that, by giving to this last sphere twice the vdocity 
of the fourth in a contrary direction, the sun or moon which 
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ifras attftcbed to iV would be coin|>ia3ed to iiiOYe iii 
ecliptic^ altemately is dwect and letropfada o«ter wiA zeapeet 
to the pole of the fourth sphere ; but^ if we suppose the Ydodtj 
of the revoluticm of the sphere bearing the hnuinary to be less 
than that of the last-mentioned pole, the effect wos|P be that 
*1he general movement of the sun or moon lecmved merely an 
alternate acceleration or retardation; and it is easy fo imagine 
that, by a due adjustment of the places of the poles and the 
velocities of the spheres, the phenomena of those celestial bodies 
might, though still incompletely, be represented. The addi- 
tional sphere given by Calippus to each of the planets Mercury 
and Venus was, probably, intended to correspond with the third 
sphere ^ven by Eudoxus to the sun, in order that the pole of 
the third sphere of each inferior planet might experience the 
same variations in declination that were supposed to be observed 
in the sim, the mean place of which was, as we have stated, re- 
presented by that pole. 

It maybe doubted whether the inventor of the system of con- 
centric spheres laid the least stress upon their materiality, though 
this quality seems, in succeeding times, to have been implied in 
all popular descriptions of the heavens. There is nothing, how- 
ever, in the works of the ancient astronomers to shew that their 
calculations for determining the celestial phenomena were in- 
fluenced by the hypothesis of material spheres ; on the contrary 
wc have abundant evidence from the writings of Ptolemy that 
their practice was conducted agreeably to the supposition that the 
orbits of the heavenly bodies existed only in the imagination. 
'Fhe celestial spheres mentioned by Plato, in his dialogue Timsaus, 
probably meant the regions of space in which the planets are 
placed ; he calls them immaterial substances, yet seems to con- 
sider them as formed of a species of fire which has the property 
of giving light without burning ; and each sphere is said to be 
accompanied by gods, deifions, and souls of men, aU partaking 
of the nature and properties of the particular spheres to which 
they belong. ^ 

But the Greeks were a nation of reasoners, and their philoso- 
phy consisted not so much in analysing the works of nature for 
the purpose of finding out the hidden causes of phenommia, as 
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to deduce tihe dfeete obsenredk Of diis kmd is tbe system of 
material and concentric* spberesi and though it is difficult to 
divine in iribat manner they accounted for the first cause of mo^ 
lion or ]ij|||||th^si^ that the several spheres communicated 

their mimmeOts to each other; if^ indeed^ these ever formed^ 
the subjects of enquixy; yet we find that, in the days of Axistofle^ 
wd prditll^^ in those of Eudoxus, they had established certain 
laws by wMch they conceived tbe movements of the spheres 
be regulated, and the most important of these may be stated as 
follow : 1 . A sphere can have but one motion about a quimemt 
axisj and that motion is uniform. II. A superiiyr spliere may 
move an inferior and concentric sphere^ but the converse does 
not hold good. III. If two concentric spheres move upon their 
axes in the same direction^ the inferior one has its motion ac- 
celerated; the contrary effect takes place if the spheres mere in 
different directions. Tliese principles are evidently involved, 
and some of the consequences which flow from them arc shewn, 
in what has been said above concerning the systems of Eudoxus 
and Calippus ; which, as long as they could be made to exhibit 
with tolerable facility tlie phenomena of the heavens, were uni- 
versally admitted ; but when their complexity became so great, 
from the number of spheres necessary to repi*esent the varieties 
of planctaiy movement, as no longer to afford repose to the mind, 
they were abandoned for another which will be hereafter de- 
scribed. It may seem suiprising that such means should have 
been thought of for representing the movements of the celestial 
bodies ; but it mixst be observed tliat man always endeavours to 
resolve a complex effect into one or more simple ones in order to 
facilitate bis comprehension, or render more intelligible Uie ex- 
planations he is called upon to give of it, and the same practice 
even now prevails among astronomers who, thereby, are enabled 
to diminish the labour of computing the places of the sun, moon, 
and planets. 

Plato, who was probably contemporaiy with Calippus, in the 
dialogue Epinomis, after observing that the science of astronomy 
is not that which Hesiod and other writers of his day have so 
denominated, and wKich relates only to the times of tlie rising 
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and setting of sUifs^has given a detail of ihe aewai dut^ of an 
astroDom^ fiom wbich we may perceive wliat* in that age^ was 
considered as sneb. He is directed to observe the solatioes and 
seasons^ the duration of the moon^s revolutions and the stars 
‘'which are seen with the son; the last expression pr6bahh|^^ 
ing the elongations and oppositions of the planets with mpeot to 
that luminaiy,' of which^ as well as of the days of , the solstices 
and of the times and circi:)ai6tanccs of eclipses^ therS,||ij|lp doubt 
ftat registers were then kept for the purpose of detennhnng the 
periodical times of the apparent revolutions of the sun, moon, and 
]>lanets« What has been just mentioned seems to have consti- 
tuted nearly the whole of practical astronomy among the early 
Greeks, but Plato has directed that the philosopher, in the closet, 
should study the theory of the science ; he particularly exhorts 
liim to consider the positions of the eight spheres, and to investi- 
gate the revolutions of the seten last under the first; and pro- 
poses that he should labour to discover a method of representing 
by circles all tlic apparent celestial motions ; which may mean 
that efforts should be made either to improve the then existing 
system of material and concentric spheres, or to account for the 
planetary movements by supposing them to be performed in the 
circumferences of imaginaiy circles, whetlicr concentric or not. 
Hio stationary appearances and the retrograde motions of the 
planets seem to have been the great impediments to the forma- 
tion of a satisfactory system of the universe, and a corresponding 
importance seems to have been attached to the investigations 
whose object it was to explain them. Ptolemy informs us tliat, 
in pursuance of the suggestion of Plato, Apollonius of Perga, 
who lived about 242 years before Christ, was the first to resolve 
the problem concerning those appearances and motions; and 
that he accomplished it by the invention of epicycles, on the 
circumferences of which the planets were supjjosed to move 
while the centres of those moved on the circumferences of the 
principal orbits. The epicycles afterguards became leading fea- 
tures in the different systems of the universe ; in what are called 
the middle ages tlicy were combined with the material spheres 
more anciently invented, and the combination produced various 
systems, equally revolting firom tlioir complexity, which succes- 
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sMly {prevailed in Eumpe taU thndi^d of Ke|ilar,^Kdieii <1^ 
co^ery of the true iiat|ire of the plaaietary orbits csnsed them to 
be entirely abandoned. 

The airangement of the planets according to the ideas of Plato 
is exhibited in the dialogue Tim^us, where it is stated that the 
Divinity formed the sun^^moon, and five other stars called planets 
for the purpose of marking the divisions of time ; an office which 
isidenticd with that assigned to them by Moses^ who says they 
were created for signs and for seasons, for days and for yeanfi 
These stars are said to have been placed in seven orbits or 
spheres of which that of the moon is the first or nearest to the 
earth, and the orbit of the sun, the second ; that, as the speaker 
observes, the heavens might be completely enlightened. Lucife-* 
ms, or Venus, and Stilbos or Mercury, it is added, were placed 
in spheres which are endowed with a velocity of motion equsd to 
that of the sun ; and this is conformable to the hypothesis of 
Eudoxus, but it is evident that Plato, like the Egyptians, con* 
sidered the surfaces of these spheres to be beyond the sun with 
respect to the earth, for Timaeus expressly slates that, if placed 
below the sun, they would cause eclipses, which implies that 
those planets were then acknowledged to be opaque bodies : 
such eclipses or transits, as they are called, are phenomena now 
well known to take place when those planets come between the 
sun and the earth, but, as they caii only be observed with 
telescopes, the reasoning of Timacus must have, then, appeared 
conclusive ; and it was probably this argument which induced 
Plato to assign the above mentioned disposition to the inferior 
planets, in opposition to that supposed by Pythagoras, who, as 
Plutarch observes*, like the ancient Chaldeans, placed those 
planets below the sun. The three remaining planets, Pyroenta, 
Phaethonten and Phaeno, by which epithets Mars, Jupiter and 
Saturn were designated, follow each other in order, but no ex- 
planation is pven of their ca-bits on account, as is stated, of the 
complexity of the subject: tlicse planets may be said to have 
been, by all philosophers, placed beyond the siin, and the only 
exception to the general opinion is that ascribed to Anaximander 
and Metrodoms who, according tb Plutarch** assigned the 
* De Mu«Icb. ^ D 0 Placitii, Lib. II. Cap. 15. 
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higbesl place te.tke etm, Uie next lowarto the xtoon end, aaAtx 
than, the fixed and wandering stan: a ^j^mSar'ixdkii is eead le 
have been entertained by die Hindos, tot it ia peotoble ^that 
both are to be ccnridered as poetical ccaicepriona nriher than 
the jrrasuHs of philosophical enqniiy. 

The sphere of the fixed stare, ox the inertatic sphere^ as it is 
called, was, Tunteos continues, fabricated by .fire Bhdnily 
chiefly of fire and of' a spherical form, that it might to q^toidid 
to beh<fld and assimilated to the figure of the unimse : a mr- 
cular motion was given to it, but to the stare themselves were 
adapted two movements ; one by which they might all rm^olve 
in the same manner, (from east to west daily,) and the other, to 
carry them forward continually ; which has been supposed to 
refm: to the real, or to a fancied motion of precession. These 
siitrs were formed, as Timseus supposes, previously to the 
planets, and he adds that the Divinity created the earth, the 
common supporter of our existence, the produdng cause of day 
and night, and the most ancient of the gods : this, he asserts, 
must nut be understood as immovealSte on the axis of the uni* 
verse but rather, as endowed with a revolving motimi; it is 
impossible, however, to determine from so brief a description 
whether by this is meant the diurnal or annual revolution. 

The part of the sulgect which relates to the practice of as- 
tronomy, and which would have been the most intmesting to 
us, is omitted by Timajus ; who merely observes that, with re- 
spect to the conjunctions and oppositions, the direct and 
retrograde movements of there celestial beings, as he calk the 
planets, and the times when they become eclipsed, it would be 
fruitless to attempt an explanation without inspecting thdr'Ve- 
; this passagc, howevcT, is remarkable lus it seems to 
refer to some kind of machine, then in use, for exhibiting the 
movements of the planets. 

The most celebrated disciple of the Academia, or School of 
Plato, was Aristotle, who pursued his enquiries into every de- 
partment of nature, and estoblished a system of philosophy 
which, nearly two thousand years, continued to be i^ost 

the only object of instruction in the schools of Europe and Asia, 
and was constantly appealed to by the learned as containing a 
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€0^ of doctrines whose trath admitted of no dispute. He was 
th^author of two on astronomical sdl^ectS) one of which 
is lost and’the other, entitled De C(»h, contains only some ge- 
nmt notions, not always just, concerning the form of the earth 
and the movements of the heavens. ' In this treatise he en- 
deavours to shew that the universe existed from eternity and is 
imperishable, but his only argument in support of this position 
is drawn from an idea that the celestial bodies are endowed with 
circular motions ; from whence he concludes that they are simple 
substances different from the four elements earth, water, air and 
fire, and exceeding them in essence md power. Like Plato he, 
also, designates them animals because they seem to move in- 
dependently of any sensible or extenial cause. TIjc circular 
motion implying an equilibrium between two contrary tendencies 
to move in the direction of the radii, the ancients saw no rcasbn 
to believe it could change into any other kiiid of motion ; and 
since there was no reason to suppose tliat mdtion once existing 
in a particular direction wrould ever cease when there was 
nothing to oppose it, tlie cansa sujfficienx seemed to justify the 
^ opinion that the circular motion observed in the heavens would 
continue for ever : lastly, as no reason can be given why a body 
at rest should, of itself, begin to move ; it was natural to con- 
clude that the universe had existed from eternity in its actual 
state. Such was the reasoning of Ariftolle and, at the present 
day, we can only refer the origin of the universe, its continuance, 
and its dissolution, should this last event at any time take 
place, to tlie power and will of tljp Deity, 

ITiat the planets moved in circular orbits and with uniform 
velocities were circomsiancos universally admitted among the 
ancients. Tfie Pytliagorcans, says ‘Geminus, when first they 
applied themselves to these subjects, adbpted that opinion con- 
cerning the motions of the sun, the moon, and the erratic stars ; 

because, in these divine and eternal bodies no irregularity can 
exist: and it will be found from the writings of Aristotle that 
the notion rested both on the supposed divinity of the heavenly 
bodies and on the fancied qualities of the circle^ which, having 
neither beginning nor end, w as considered as the most perfect 
* De Apparentiis Ccelestibus. ^ De Cislo, Lib. I. Cap. 2. 



of aH i^eometricd figmes, and on that a leeoiwM ^ ataaopto^Jlo 
inapresexit the celestial movements* >B|l this ^^m^gina^ i ^ i* 
iohnity of movement was not thought mmcient j and.it appeasrs 
that Aristotle conceived^ the real vdodties of all the plaai^^ 
in their orbits, to be equal ; their different appaxunt angular ve* 
locities being supposed to be caused by the diffaietices bf tbeiir 
distances from the earth, the pretended centre of their motioiis: 
the only reason given, however, for this opinion is' that the 
planets which are nearest the earth had been shewn by ma» 
Ihematicians to move with the greatest (angular) vdocities, and 
those more remote, with less, in proportion to their distance. 

, But the proof must have been imaginary, since the relative dis* 
tanccs of the planets were then only known^hypothetipally. 
The spherical form of the universe was, also, concluded from 
the supposition of its perfection and its existence from eternity ; 
for Aristotle argues ^ that the sphere is a perfect figure since it 
is bounded by one uniform surface, and that it is the most 
ancient of figures, because that which is perfect is necessarily 
anterior to that which is imperfect. The sphericity of the moon 
is more philosophically proved from a consideration of her 
])hases ; and, because the moon is round, he concludes ^ that all 
the other celestial bodies must have the same form. 

Aristotle admits the globular figure of the earth, and supports 
the opinion by those arguments which have ever since been 
urged on the subject : 

Idcirco terns non omnibus omnia signa 
Conspicimus, nusquam invenies fulgere Canppum, 

Don^ NUiacas per ponti^ veneris oras, 

Sed quaerent Helicen, quibus iUo supervenit ignis, 

Quod laterum tractus obstant, medioque tumore 
Eiipiunt terne Goslum, visusque coeroent^. 

Re also asserts ” that mathematicians hare found its circumference 
to be 400,000 stadia, which was probably ascertained by moans 
BimOnr to those Subsequently employed by Eratosthenes and 
Posidonius, but we are quite ignorant of the length of the 
stadium by which that measure is expressed. It is rmarkable 

» Ibid. Cap. 4. * IbM. Cip. 41. 

* De Cmlo, Liln. IL Cap* 14. 


* De Ccsb, Lib. II. Cap. 10. 
f Aslronomicon, Lib. I. ver. 215. 
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eonmden tlie (BdutSi pole m iho paart: mu* 

• mA ihb north fts Hie hyweA, but the mson may be 
Hmt persons inhabitiag the northern hemisphere, going towards 
the equatorial regions where the heat is greater, seem to be 
ascending towards the suh, the source of heat; and, going 
northwards, seem to be descending from him. The earth, in 
accordance with the opinion then generally entertained, that it 
is an inert mass, and the plane to which heavy bodies tend in 
their descent, he considers * as fixed in the centre of the uni* 
verse, which he supposes to revolve about it. In his treatise^ 
JDe Meteora he asserts that the shadow of the earth is conical, 
assigoing as a reason that the sun is the greater body ; and, as , 
he states that the distance from the centre of the earth to the 
vertex of the cone of the shadow is less tlian the distance of the 
sun firom the earth, it is evident that he must have considered 
the diameter of the former to be more than double that of the 
latter. He notices the fact that the moon always presents the 
same face to the earth, and Plutarch ^ alleges that be conceived 
her spots to be the image of the ocean represented on her sur- 
6ice as in a mirror. He coincides in opinion with those who 
have^asserted that tliere may be many other planets, besides the 
seven then known, and that they revolve about the centre of the 
universe but are concealed by the eartli ; and he adds that those 
planets may be the causes that we have a greater number of 
visible eclipses of the moon than of the sun, since each of them 
as well as the earth, may intercept the light of tlie sun: but^ 
this expression, while it betrays considerable ignorance of the 
celestial motions, yet, demonstrates Uie fact that the cause of 
lunar eclipses was, then, well known to the Greeks. 

In his treatise De Metaphysica Aristotle explains his im- 
provement on the system of concentric jspheres which had been 
proposed by Eudoxus and Calippus. According to his com- 
mentator Simplicius, for the text is very obscure, he considers 
that the system of spheres belonging to each planet will, by its 
connection with that of the next inferior planet, cause the latter 
system to revolve with a movement equal in velocity and direc- 

• Da C<slo, Ltb. IT. Cap. 14. Ibid. Lib. I. Cap. IX 

« De Fade, sect. 2. * Lib. XII. Cap. 8. 



tkip,.lo ^lut w^idli.KfifQts fean lihe .ffoaiiwiiatiiaifr 
-.meoUi 0f &» epUeim betoDgmg tatfae ipnto } md Oim. 
lm.cmc^veB ibe mOTemratof eacbf^«tif<iwldbav^uitie^ 
by that tiie itext exterior planet ; in order, to^o^nn^ 

tenuct effect he pr<^>oeefi that;, on the exterior of the eyetm 
of ep^eres bdonging to each planet, exc^t Saturn, whkdi hiring 
. &e most remote is not affected by any thinft beytmd it, there 
should be another system producing, by the corabinatimi of its 
morements, a motion equal and contrary to that produced 1^ 
the next extoior system ; thus destroying the latter morion and 
permitting the next interior planet to be moved only by the 
action of its own system of spheres. The spheres, thmefore, 
which bdoug to each planet are distinguished by Aristotle^ mto 
d^erents, which are those communicating motion to tire ^hmet 
as in the system of Calippus, and rettituenU, which ate those 
employed to counteract the effect of the former on the spheres 
of the next inferior planet ; and he observes that the numh^ of 
the latter which are to be assigned to each planet must always 
ffe one less than the number of deferents, piobaUy because the 
velocity of (be sphere producing the diurnal motion in each 
planet was the same as that of the sphere of the fixed stars, and 
therefore no counteraction to that movement might be thought 
necessary. The number of restituents was supposed equal to 
twenty-two, and hence, that of the spheres of both kinds, inclnd- 
* ing the sphere of the fixed stars, was fifty-five. The opinirms 
«<of the ancimits concerning the sphere of the fixed stars, or, as it 
was commonly called, the eighth sphere, so firequently alluded 
to in th pir writings, are very imperfectly known ; there is no 
doubt originally, it was supposed to be material and that 
the stars were imagined to be attached to its interior sux&oe ; 
but a more philosoplrical sentiment is expressed by Geminus*, 
who treats the above as a vulgar error; be observes that sorne 
stars are much.ftuiher from us than others, and alleges, as the 
reason why we are not sensible of the fact, that the eye camtot 

judge of distances in directions tending firom it. In the iSomnnim 

Sojpums, Cicero, with whom Geminus was probably coitiem- 
porary, supposes the spectator to be rituated in the Via Istctea, 

* De Aji|>arenti» Coelestibus. 



wamoei , 


waam . 'fg iy 

fiwks whence, he aaft, raaj be men aliis which«ax»1|^ 

Scam the caiih ; wl^h seems to shew e^her HatMm inPlg* 
eidbere was thought to be ideal, or that^ if material, ita tb icWMw * 
was conridered of immense extent. af* . 

In the age of Aristotle was made the first recorded obsifrranofi 
of the sun ; and, from it, we derive a proof that the Greek^^uste- 
nomy must then have penetrated beyond tlie Alps* F^^thcas, 
astronomer of Marseilles, is said by Strabo * to have set up in that 
city a gnomon and, at the nqpn of tlie day of the summcr^solsticc, ' 
to have found that the length of the shadow it cost was to thi 
height of the gnomon itself in the proportion of41|^ to 120; 
and, as the extremity of the shadow of an u})right pillar is formed 
by the rays emanating from Uie upper limb of the sun, it follows 
that the observed zenith distance of that part of the sun*6 disc 
must have been 19° 12' 18'' ; therefore, correcting tins obson a- 
tion on account of the refraction of the atmosphere*, for the ap- 
parent semi-diameter of the sun and, assuming the latitude of 
Marseilles to be, as is now known, equal to 43° 17' 43" north, it 
can easily l>e shewn that the obliquity of the ecliptic to tUS 
equator must, in those days, have amounted to 23° 49' 18" ; a 
determination of considerable importance because, by compa- 
rison with others subsequently made, the progressive diiniiiution 
of the inclination of those circles to each other has been proved. 
Strabo, we must however obsen^c, alleges** that Hipparchus, on 
the authority of Pythcas, considered the length of the shadow to 
be the same botli at Marseilles and Byzantium ; but Uic latitude 
of this last place is less than that of the fonner by about 2^ de- 
grees, therefore the observations made at one or both of these 
places must have been vciy erroneous ; and if it were not that 
the obliquity of the ecliptic, determined by tlic length of the 
shadow at Marseilles, coincides nearly with diat deduced from 
tlio rate of diminution which results from a comparison of later 
observations, little stress would be laid upon this determination 
in support of the fact that the inclination of the circles has 
changed, l^theas is said to have made a voyage to the Ultima 
Thule (Iceland), where he saw the sun touch the northern side 
of the horizon on the day of the summer-solstice when at the 
* OfMigrapliitt, liib. 11. ^ Ibid. 





M of 1^ idii|nial oonrsoi * 

as doeidinf ilM oaidfii 

ffi^ my diM^ at that exiated oOaiOi^hdi^ ^ 

age the iofloeoce of ^ iDoo»itpoii die ‘waten of Ihn 
.od^^l^w^ to hare been obsenredt fiarFlatafeb*«tpt<e«fy 
afttea^t I^iheas of Marseilles imapned Ihe biesease of the 
Oabmi to be accompaided by the lid&g of the ddes, and her entney 
by their felling: it is, Also, probable that the Greeks were, then^ 
or soon afterwards, aware of the diftiHences prodnced in the elera' 
tfbn of the waters by the union or contrariety of the actions of the 
sun and moon ; since^ according to Strabo ”, Fosidonius describes, 
in the following manner, the diurnal, the monthly and the annual 
' tides. Speaking of the first, he says, the ocean continues to rise 
from the time the moon is one sign abof e the eastern side of the 
horizon till that of her arrival on the meridian, and to descend 
from this time till she is near the western side ; in like mannm', 
it agmn rises till the moon is on the meridian below the pole 


and, subsequently, fells till she has returned to the east. Of the 
second, he observes that the tides are said to be extraordinarily 
high at the time of new and full moon, that is, at her conjunc- 
tion and opposition with the sun, and extraordinarily low whmi 
the luminaries are in quadrature ; such are, in fact, those we 
call spring and neap tides. With respect to the third kind, he 
says, it is found tliat the tides are the highest when the new and 
full moons occur at the times of the equinoxes ; and similar 


descriptions of the tides are given by Seneca and Pliny. In 
earlier times the udldcst notions seem to have been entertained 
concerning these phenomena. Pomponius Mela® says it was 
the opinion of some Pythagoreans that the earth was a living 
animal, and that the flowing and ebbing of the sea were caused 
by the emission and inspiration of its breath; but it is easy to 
perceive that this could liave been nothing more than a figure of 
speech. Plato, in his dialogue Timaeus,' makes the tides depend 
upon the greater or smaller quantity of water which flows, from 
the T"'"™*"*"" of Cfaulj ioto the Atlantic ocean; aad-Seleu^, 
ascribes th em to a contrariety in the directions of the mov^ooentp 
of the earth and moon, by which the air, being comptes^ W- 
• De FMtii, Wb* ni. cap. 1?. ‘ Geognph. 14b. IlL * Oeagn|h. 


n 



tur^^ them, fil^ im ihe Atlantie sod agitates it witltli‘'rSc4iaPo^ 
eating motion *. A^lmilar action on the waters is t^p^osed^^jr 
Aiistotie who, however, refers the cause to the nm w£ic]^*l]^ 
ebsmves, moves the atmoq>h 0 re and canies it about Ihe^Mitii > 
tiierehj eausis^ the ocean, altcanatdj-, to advance, aad,^Vec0de 
fiom, the shores. 

* Plutiffdiy itbt «uprL 
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CHAPTER X. 

ASTRONOMICAL WORKS OF THE XARUBST OBEEK OBSBEVERS* 

Formation of the Alexandrian school.— The geometrical and aatrattomfcal 
works of Euclid. — The works of Autolyciuu^if Aratus.— Ohaervatioits made 
by Aristyllus and Timocharis. — The obliquity of the eriiptic and the mag* 
nitude of the earth determined by Eratosthenes.— His opinion conoeming 
^ the motion of the earth. --Method employed by Archimedes for measnring 
the 8un*8 visible diameter.— Method pf finding the parallaxes of the sun and 
moon. — The systems of eccentric orbits^ and of oonoentric orbits with epi- 
oydes.-'The various motions of a planet in a simple eccentric orbit explained. 

— The motion in an epicycle explained. — Nature of the planetary revolutums 
in the system of epicycles. 

We hear noUniig of the Grecian schools ailcr the time of Aris- 
totle, and tliosc Europeans who sought to acquire a knowledge 
of the sciences, particularly of astronomy, again repaired, for 
that purpose, to Kgyjit. The Academia and the Stoa were, 
probably, still frequented by the youth of Athens to hear the 
lectures of those who filled the chairs of *vnd Zeno, but 

the successors of these pliilosophers seem not tot '€ deviated 
from tlic i)ath Uioy had formed, nor to have addedS^ heir dis- 
coveries any thing worthy of preservation. Tlie decayV 'ieuce 
in Greece was, probably, caused by tlie unsettled stat^^ hat 
country after tlic death of Alexander ; and its revival in Egypt 
is to be ascribed to Uie patronage accorded to learned men by 
the sovereigns who were scaled on the throne of the Pharaohs. 
After die conquest of Egypt, Alexander employed the abilities 
of Dinocrates in a work more useful than dial of cutting Mount 
Athos into the figure of a man, which the artist hfid proposed 
to exccuUs for he appointed him to superintend the building, 
near one of the mouths of tfie Nile, of a city which was to be 
called by his name, and was, afterwards, to become so famous 
in the history of the sciences. Here the second Ptolemy, who 
ruled the Afiicau portion of his conquests, established a school 
which, from the talents of the persons connected with it, was 
honoured with the epithet Divine: and among these j)bilofiio- 
phers were some who arc distinguished by being the first to 
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adopt the true method of proceeding ha the mTeatigatioii of th$ 
laws of nature^ which is that of reasonhig not from asautmod 
hypotheses^ but frmn actual ohamatiou of the phenomena she 
presents. 

The celebTated Euclid, who lived about three hundred years 
before Christ, is the first teacher in the institution at Alexan- 
dria, whose wozhs have reached us; and we see firom his geo- 
metrical elememts how much greater was the attention then 
paid to matters of pure speculation than to those of a physical 
nature. In that work are contained the principal properties of 
lines and numbers, and of geometrical figures both plane and 
solid; the equalities of the surfaces and solidities of these last, 
under various conditions, are proved ; and the proportions exist- 
ing between them arc exliibited in cases where comparisons are 
admissible. In every proposition the most minute care is taken 
to preserve the rigour of mathematical demonstration ; no proof, 
from a mechanical comparison of magnitudes is made except 
in a few cases where, from the simplicity of tlie subject, a dif- 
ferent kind becomes inapplicable; and scarcely on any occasion 
is a thing required to be done, the means of doing which have 
not been previously given. Tliis great work, which has since ' 
be^ universally employed in elementaiy instruction, is divided 
into sixteen books, (the two last of which, however, are ascribed 
to Hypsicles, another professor belonging to the same establish- 
ment,) and contains many discoveries of Pythagoras, Eudoxus, 
arid otlier celebrated meh among tlie European Greeks : but it 
is remarkable that though vast labour must have been bestowed 
in the investigation of these "^propositions, some of which are of 
consider^le intricacy, no example occurs, in the work, of die 
application of numeral values to the lines or angles which con- 
stitute the figiires. It may easily, therefore, be conceived that 
the values of arcs of circles in the celestial sphere were not, in 
Euclid’s time, expressed by numbers, and that the determma- 
tion of the sides or angles of figures by any process like that of 
trigonom^iy had never, then, been made. 

In a treatise on optics, EueMd shows how to measure the 
hei|^t of an object by its riiadow, or by viewing its image 
reflected from a mirror, but no rdatiem is stated between the 
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anglclis and d (lie tariaxi^e by I9ke flb® liaiif- 

eontal plane and the visual ray f and tha tdvii h obtain^ by 4 
rimple gmphxcal solution. In^ same w6A weliave an5e«4^ 
pie of total ignorance concerning an important point of nat^nd 
pMfcaophy ; when, in apeahing of viaion, it ia aaidto be obtained 
by rays of Kght diverging from the eye in right lines tending to 
the object ; the contrary of which is now so wdH hhown. It is 
worth while to remaih that Euclid here describes the forms which 
cylinders and spheres assume when seen by the eye, becatiae 
this may be considered as the first circumstance we are ac- ' 
quainted with concerning the history of perspective, to which art, 
however, it docs not appear that the ancients ever paid much 
attention. 

But wc are most immediately interested in a work of Euefid 
entitled which relates to astronomy, and, as its name 

implies, treats of the visible movements of the heavenly bodies : 
it exhibits some of the first steps made in a new science by one 
who reasons upon what ho sees, without going beyond the first 
notions arising from a view of the heavens ; and, therefore, it 
may be considered as a proof that astronomy had not, before 
tliat time, been reduced to an elementary form. He observes 
tliat all the fixed stars describe circular movements about an 
axis which is oblique to the horizon, and that there is a certain 
star between Ursa Major and Ursa Minor towards which the axis 
is directed, a circumstance not strictly correct, since the star al- 
luded to, probably a Draconis, was then at the distance of about 
nine degrees from the north pole ; but it is likely enough that 
Euclid, in this statement, did not attempt any great precirion. 
The same star is referred to, in a work ascribed to Eratosthenes, 
and designated the star about which the heavens revolve. For 
reasons similar to those which we have before given, he concludes 
that the apparent movements of the stars arc conformable to those 
of bodies on a spherical surface, and he expresses himself as if 
he considexed the stars to be attached to the interior surfoc^ of a 
material sheU having that figure. like Thales he mentioxts iOie 
meridian, the equator, the two tropics, and that whidi w;as then 
called the arctic circle, which was a circle parallel to the 
tor and touching the horizon on the northern side ; consequmitily 
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" <* 

H dA frdim tlie.Bphere a segamA ocmteiiiiiig aU those staia whi^t 
to the Tiew of the observer at my never set With 

these few demaits Euclid forms a ntiinber of propositiesis re« 
lating to the times at whidi certain given arcs of the drdes of 
the sphere begin to rise and set, and to those which they ei^oy 
in ascending above, or descending below the horizon. 

About the lime of this distinguidied mathematician, two astro* 
nomical works similar to that just mentioned, and, like it, indi* 
eating the very infancy of the science, were composed by 
Autolycus, a disciple of the same school. One of these works 
contains the definitions of parallel, right and oblique spherei^ and 
exhibits a few of die properties arising out of the revolution of a 
sphere, with a uniform motion, about an axis ; tliese are reduced 
to propositions which are geometrically demonstrated ; and, to 
give an, idea of the nature of the work, among many other die- 
orems equally simple, the writer proves that every point on tlie 
revolving sphere describes arcs proportional to the times ; that, 
of two points wliich ascend at the same instant above the plane 
of any oblique circle, like the horizon, tliat which is nearest to 
the pole, in descending, arrives the latest at that plane, and die 
converse. No mention is mode of any observation ; and it is 
evident that all such propositions may be illusUaled by means of 
an artificial globe on which the circles of die sphere are repre- 
sented. The other work treats of the risings and settings of stars, 
a subject which must, in those days,* have been of considerable 
importance, and which, indeed, during a long period, constituted 
nearly the whole of astronomy ; by diesc phenomena, the places 
and movements of the sun were determined and the labours of 
agriculture regulated, for which purposes, the days when die 
principal stars would begin and cease to be heliacally visible 
were ascertained and marked in the calendars. The observa^ 
tions of celestial bodies, when in the horizon, have, howev^, 
been long rince superseded by those on the meridian^ and the 
times of the cosmical, heliacal, and acronical risings and settings 
of stars are now cont^plated only as far as they may be neces*^ 
sary to iUurtrate die writings of the ancient astronomy and 
poets. 

The natural way of determining the time when any given star 
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l^egttQ ar i^pased to 1)6 Tisil^ 

t2ial momont at a certain distance bdbw tbe faoida^ k;^ 
rection of a vertical cirde pa^g thii^ogh tbe Inmina^ and 
in general, tlie ancients actuallj supposM that distanoe^ to rvxy 
from 10 to 18 degrees, according to the inagziHnda 
but Autolycus estbnates the distance of Hie sun bdov &e kk* 
zon,ait the time of the hdiacal appearance of the star, by an arc 
of the ecliptic equal in extent to 15 d^jiees; a mode which caimot 
fail to be in many cases erroneous, because, from the different 
angles which the ecliptic mahes with the horizon in different 
seasons, the sun, at a given distance from the intersection with 
the horizon, will be variously depressed in the direction of a rer* 
tical circle. In the work of which we are now speaking, Auto- 
lycus proves that the heliacal risings of stars will happen some 
days later than their cosmical risings, and didr heliacal settings 
some days earlier than their cosmical settings, all which is suffi* 
ciently evident ; and he, afterwards, proves that, of those stars 
which rise and set, any one will continue visible by night about six 
months ; a loose determination which could be of no use but to 
enable the observer to anticipate within some days the time at • 
which a particular star would first be seen to rise in the evening, 
and the period during which it may be seen above the horizon. 
In later times, when trigonometry was applied to astronomy, the 
determinations of the risings and settings of stars were more pre- 
cise, and tables were calculated to facilitate the computations; 
but since the mode of observing has changed, these have been 
laid aside as useless. The ecliptic or, as Autolycus calls it, the 
zodiac, must, in his days, have been divided into twelve equal 
parts, since he gives the name of dodecatemories, or twelfth 
parts, to the signs on that circle ; but this kind of division does 
not appear to have been, then, generally used. 

About the year 270 Before Christ Aratus of Macedoma para- 
phiased, as we have before observed, the description of the con- 
stellations composed by Eudoxus; and though it is impossil^ 
to say how mudb he may have added to the original work, it 
probably is but little, since the paraphrase shews only the pdri- 
lions of the constellations and of the principal stars in them t!ei- 
ktwdy to each other, no mention being made of the longitudes 
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: indeed^ of ibe oirdes of tito c^h^cie tbentsdlvos, he mXj 
mentions tbe ^pics, tba equiMxM’ and tbe.edii^ or, as be oalls 
it, the obUque circle; and it is remarkable that be speaks of the 
^Galaxy as if it were one of these. The coastellatiofi litea is 
not mentioned, and the claws of Scorpio are described as ex* 
tending far towards Virgo. He gives to the Pleiades the Aames 
of the seven daughters of Atlas, observing that seven were for- 
merly reckoned, though, in his time, there were but six; but he 
adds that the seventh is not lost, probably meaning that it had 
only ceased to be visible or was become very obscure ; the dis- 
appearance of one of these stars is also remarked in a work as- 
crilxjd to Eratosthenes who, Muth several other celebrated mathe- 
maticians, was contemporaiy with Aratus. Ibere is reason to 
believe that in these times, if not in that of Eudoxus, representa- 
tions of the heavens on a plane surface must have been in use ; 
for, in the description of some of the northcni constellations, a 
misplacement occurs which Attains, one of the commentators on 
^ the work of Amtus, conceives to arise from die circumstance that 
the figures are drarni as if they were seen from a point on the ex- 
terior of the sphere ; and Hipparchus, in bis remarks upon this 
passage, asserting the mistake^ observes diat the figures are draum 
just Bfi we see them, meaning that they are drawn as if seen by a 
spectator placed at the centre of the sphere. 

Hitherto the works of the Greek astronomers contain but a 
dry enumeration of the constellations, and a few notions respect- 
ing die risiugs and settings of the stars; but we are now come to 
a time when the first efforts were made to obtain some know- 
ledge of the distances and magnitudes of the earth and heavenly 
bodies ; and, though tlie results of these enquiries were very wide 
of the truth, yet the methods employed in conducting them dis- 
play considerable ingenuity and serve to shew bow, with better 
instruments, a useful approximation to the elements of the pla- 
netaiy system might have been obtained. 

Among the illustiious men who distinguished themselves at 
this period as obsServers of the heavens and who, thereby, coa- 
tributed gready to the advancement of astronomy, Aristyllus 
and Timochaiis, the immediate successors of Euclid and Autoly- 
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Ftoleiiiy has Iransmitted* Ihek observa^oiiffi f<^ 
days of the solstices, and the longitudes laid hf lib 

stars Spica Vir^is, Regains and Castor : the places of these 
stars are expressed in dt^ees and factions and, th^pefore, they 
mnsKhave been ascertained by means of graduated instruments '; 
which, consequently, were then in use thongfa, probably, but re- 
cently introduced in the practice of the science ; for the two 
astronomers are, also, said to have fixed the places of planets by 
the intersections of lines passing through the neighbouring fixed 
stars, and to have estimated small distances in the heavens 
diameters of the moon ; sure proofs that the old and 16 ss correct 
methods of observing were not, in their time, wholly abandoned* 
We shall hereafter find that Uie. observations of Aristyllus and 
Timocliaris were used by ‘Hipparchus, together with his own, for 
the puqiose of ascertaining tjie length of the year ; and they are 
supposed to have afforded this great astronomer a guide to the 
knowledge of the movement of the equinoxes* The graduated ^ 
instruments above alluded to must have been similar in construc- 
tion to those employed by Eratosthenes who, in the order of time, 
closely followed the two philosophers above mentioned ; and, in 
the account given by Ptolemy of the labours of tliis mathema- 
tician, wc have the first description of the nature of that kind of 
instrument and of the mode of its application in making celestial 
observations* 

There appears to have been placed in the centre of a peristyle 
at Alexandria a large equatorial anhilla Tvhich was used by 
Eratosthenes or some of his predecessors for the purpose of 
finding the latitude of the place of observation, the obliquity of 
the ecliptic and the times of the equinoxes and solstices* It 
consisted of one circle of brass, adjusted so as to coincide with 
the plane of the meridian, and of a concentric circle, patliBd to 
the equator ; and it is easy to conceive that by a plummet sus- 
pended fixxm the upper part of the instrument, to shew tiie po- 
sition of a vertical line, and an alidade (hrected to a celestial 
body, when on the meridian, the zenith distance and decEnation 
* Aloiaswt, lih* Vll. cai». I BUd'S. 
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diftt bod;f caidd be fomik me&od triT ddlerapiitng Ibe 
axtival of the gim at tbe equinoctial point bjr the saiae malru-* 
ment maj be concluded from an expression used by Hipparchus 
who reUhes, speaking of an equinox obseired in the thirty second 
year of the third Calippic period^ that twice in the same day the 
circle at Alexandria appeared esdightened on both sides; the 
first time, soon after sun-rise, and the second, about th&fifth 
hour or about an hour before noon*; it is ei'ident, therefore, 
that the circle must have been fixed in the plane of the equator 
and that the time of the arrival of the sun in that plane was as« 
certained by the simultaneous illumination of the upper and 
under surfaces, or by the shadow of the anterior part of the 
ring falling only upon the thickness of the concave circumference 
at the posterior part, which, of course, indicated that the sun's 
disc was bisected by the plane of the circle produced, 'fliat the 
effect should have taken place twice in the day may be accounted 
for by the refraction of the sun's light, in the atmosphere, being 
greater when the celestial body was near the horizon than when 
near the meridian, which might cause its centre then to appear 
in, and even above, Uic equator when it was in reality' below 
that plane; but, near noon, the diminution of the decimation 
might compensate the cliuiinution of the refraction and then tlie 
sun's centre would again appear in the equator. And Jt is 
evident that since, in those days, the effect of refraction was 
unknown, the time of the equinox, thus determined, must have 
been, on that account, erroneous. 

Mention is made by Ptolemy of what is called a solsticial 
armilla wliich either was placed, or was intended to be placed, 
in the same situation, for it is uncertain whctlier it was actually 
constructed or whether it was only proposed. It seems to have 
resembled the last mentioned instrument but to have had no 
circle in the plane of the equator ; and, accordmg to Ptolemy’s 
description, it must have been a circle of brass, placed in the 
plane of the meridian, having cm it two small gnomons mr sights 
(probably one at each extremity of a moveable alidade) that, 
when the shadow of the, upper one covered that below, the 
graduations of the circle nught shew the height of the sun's 
* Ptolewy, Almagsot, Ub. Ill* «ap. 2. 
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his own obsenrations in tlegrees and mx^»f it ts probable that 
each degree was subdivided into six parts or spaces* of ten 
minatea each; and Ddambre supposes that when fiadiotis of 
degrees less dum one sixth occur they were estimated by dm 
eye. «With this instrument, if it existed, the latitude of Alexandiki 
may have been determined by Hratosthenes, and Ptolemy sup* 
poses it to have been considered equal to 30^58'; our latest 
observations make it about 31^13'; the difference is about 
fifteen minutes which it will be difficult to account for if we sup- 
pose the observatious to have been made with the circle just 
mentioned ; for this, by giving the altitude of the sun’s centre, 
would have permitted a result to be obtained much nearer the 
truth : and, .hence, Delaxnbre suspects with some reason the 
latitude had been detemiined not by the armilla but by a gnomon, 
which, since it gives the altitude of the sun’s upper Kmb would, 
if no correction were made to reduce it to the altitude of the 
centre, cause the latitude to be too small by about that quantity. 

With the detennuiation of the latitude of the place of obser*. 
ration is connected the problem of the obliquity of the ecliptic ; 
and the latter was probably attempted by Eratosthenes at the 
same time as Uie former, either by obsen'ing the lengths of the 
shadows cast by a gnomon, at noon, on the days of the summer 
and winter solstice, or by taking the altitudes of the sun on those 
days with the solstitial aimilla; for the difference of these alti*^ 
tudes is equal to the interval between the tropics; that is, to 
double the inclination of the ecliptic to the equator. We are 
ignorant which of tliese means was employed by Eratosthenes 
and we only know that the value he obtaaned for the above* 
mentioned interval was circumference of a circle, or 

47^ 42' 25^' ; hence the obliquity of the ecliptic must have been 
23^ 51' 12" I which is nearly the same as Ptolemy found it to be 
firom his own observations ; and this astronomer informs us th^ 
23^ 51' 20" was the measure of the obliquity employed by 
Hipparchus. 

The globular figure of the earth must have been generally re- 
cognized and, as is evident firom the value assigned to its circum* 



fytmoe hj Aristotle, efforts ixiu^ Iteire bem>«!iy earif nutde to 
ftseeriaki its magnitude; but tftei^ aiieient detmntoarioiis 
isrobabljr not, in the days of Eratosflieiies, cohside^ suffidently 
correct to i^tisfy the demands of science, and this philosophy 
seems to hare been induced, in the hope of obtaining gtealer 
precision, to repeat the obsenrattons and admeasurements with 
greater care and with instruments more accuraldiy constructed* 
In pursuance of this ol^gect Eratosthenes observed, as we are 
informed *, that, at Syene in Upper Egypt, bn the day of the 
summer-solstice, the sun, at noon, was exactly vertical, so that 
a well there was enlightened to the bottom ; and that, at Alex- 
andria, on the same clay at noon, the sun's zenith distance was 
equal to one fiftieth of tlio circumference of a circle ; that is, to 
7® 12' ; which, therefore, is the difference of the latitudes of tlic 
two cities, or the value of an arc of tlie tcrrestiial meridian be- 
tween them, supposing llie sun's distance from the earth to be 
so great that its parallax may be disregarded, and the places to 
lie under the same meridian, the last of which suppositions is, 
however, not strictly true. But admitting that these places are 
so situated and that the earth is of a spherical form or, at least, 
circular in the direction of the meridian,- the distance between 
them being ascertained, the circumference of the earth might be 
obtained. Now tJiis distance was measured by order of the 
government and found to be 5000 stadia ; and, hcncc, the said 
circumference wotild appear to be equal to fifty times as much, 
or 250,000 stadia. It is observed, however, that Eratosthenes 
made the circumference equal to 252,000 stadia ; and hence it 
is probable that the fraction above mentioned was only an ap- 
proximation to die value of the true difference of latitude. Now 
La Place thinks it not likely that Eratosthenes would have con^ 
tented himself with the rude observation of a well, enlightened 
to the bottom, for so delicate a problem as that of the latitude of 
a place, and he supposes ^ that this astronomer €mplo 3 red the 
lengths of the meridional shadows of the gnomon on the dajns of 
the solyices both at Syene and Alexandria; thm, if the angles 
subtended by the shadows were measured by an arc graduated 

* deomades de Mando, Idb. I. sect. Be Terns Btagoiltt^ne. 

^ Ezpoeaieii 4a Syettoie du M(mde, Idv. V. 
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difference of latitude would, from the observath^ 3m ^ippod 
equal to 7^ Iff which is equal to ^ of the cffCtna&reiiM 
which simple fraction ^ might Imve been taken; 
50.23x5000 gives 251,150, and Eratosthenes majr have taken 
^2,000 stadia for the sake of round nnmber&> The prkidple 
of the method employed by Eratosthenes to ascertain the nmgr 
nitade of the earth is tlie same as that which has been adopted 
in modem times ; and the greater accuracy of our results is dm^ 
chiefly, to the improvements which have been made in the 
construction of the instruments used in linear and angular 
admeasurements. 

Subsequently to the time of Eratosthenes, Posidonius at- 
tempted the same problem, and, for this purpose, he observed at 
Rhodes the star Canopus which, in that latitude, only appears 
for a short time just in the horizon towards the south, while, at 
Alexandria, its meridional altitude is 7® 30', or xa fight 

angles ; which, therefore, is equal to the difference between the 
latitudes of the two places ; then having found, probably by the 
time spent in sailing from one to the other, the arc of the eartb^s 
surface between them to be equal in length to 5000 stadia ; and 
supposing both to lie on the same meridian, he concludes that 
the circumference of tlie earth is 48 x 5000, or 240,000, stadia 
Ptolemy, by similar means, makes the circumference equal to 
180,000 stadia; and we have shewn that Aristotle supposed it 
to be 400,000 stadia. The differences between these numbers 
are too great to allow us to imagine that th^ are due to ewors 
in the operations and, therefore, it is evident that the stadia in 
which the measure is expressed could not have been of the same 
kind ; indeed it is well known that, among die ancients, the 
stadium was of uncertain length, varying at different times and 
in different places. M. Bailly ^ considers the round numbers 
in the above expressions as affording a proof diat the stadia were 
axbitraiy portions of the circumference of the msrtbi 
assumed for the sake of forming a standard of measure edbese 
lengdi dmuld have reference to that of an invariable object hat 

* Cleomedssde Musdo^ I4h.^ !• ^ Asuoa. lifod. Edaim liv. lH leet 5. 
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m the practice withoiit example in mo^m tunes ; fer it is 
remarkable tliat^ socm after tbe deadi of Beillj, a staiukrd of t^at 
kind was adopted in France ; the metre, or unit of lengthy bar^ 
been fixed at one fc^y millionth part of the earth^s drcumd^-M 
mce, supposed to be measured in the direction of the j^eiidian. 

When the magnitude of the earth had been determine^ it must 
have bemi ea^ to obtain an approximate knowledge of the moon's 
distance &om it: for, knowing the semidiameter of the earth 
and the difference of latitude of two places on or near the same 
meridian, as Alexandria and Syene, or Rhodes and Alexandria; 
by appointing persons at both places to take simultaneously the 
zenith distance of the moon when on the meridian, there will be 
obtained data* sufficient to determine by a graphical process, or 
otherwise, the distance required. It is highly probable that this 
dement was, in or about the time of Eratosthenes, by some such 
means ascertained ; but some doubt seems to have existed about 
its real value, for Plutarch * observes that those who assign the 
least value to the distance of the moon from the earth make it 
equal to fifty-six semidiameters of the latter; Ptolemy shews ^ that 
Hipparchus made the distance from 02 to 721- semidiameters, 
but, in his own computations, he supposes it equal to sixty ; 
and this last value is vciy*' near the truth. 

Aristarchus of Samos, Archimedes of S 3 rracuse, and Eratos- 
thenes of Alexandria lived at or about the same time, and, whUe 
the last was employed in ascertaining the magnitude of the 
earth, the first distinguished himself by the method he proposed 
for determining its distance from die sun. In his yet extant 
work De magnitudimbm et distantiis solis et lunm Aristarchus 
shews that when the moon's disc is dichotomised, or exacUy 
half enlightened, two lines drawn, one from die moon to the 
earth and the other from the. moon to the sun, make with each 
other a right angle ; and he directs that the angular distance of 
the sun from the moon should at that time be taken, which is 
possible because both of them may bo then seen at once above 
the horizon ; this angle, he states, mil be \equal to of a right 
angle ; that is, to 67 degrees ; and, by a graphical construction 
* De ^ Almgiest, Irit* V. cap. 14. 


' he fi«a -thdimie' deteraumil-^Hifc^'^bUi^ 

the Sua from the eaith is abont maeteeb tiraw'ln g^b^ that 
<#tlie motm fimo ti>e earth. Hifi »ie« «(f AiMmrdbM n «a^ 
^|rabtedfyjaet.«Qd dqes great faonomrtohk^aagai^, hot ftro 
.ii^j^pat difficnltaes moat have presented themaelveB in wdnei^g'k 
to prac^, of which one is the imcwtainty of frte exaet thae 
when th^mo(Hi is dichotomised and the other, the measniement 
of the angular distance by such instruments as were thmt in nse ; 
for we, now, know that it is less than a right -ang^ by ifooat 
8 or 9 annates of a degree, only, whereas Aristarchus supposed 
it to be less, by 3 degrees ; and consequently the distance of 
the sun iirom the earth is above twenty times as great as it is 
made to be in the above determination. Succeeding pfafloso^ 
phers, by employing the same method and more perfisct mstra-> 
ments, obtained results much nearer the truth and, according to 
Fliny, the distances of the'moon and sun from the earth wme 
found by Posidonius to be, respectively, two million stadia and 
five hundred million stadia ; but these values, which do not differ 
considerably from those assigned by modem astronomers, could 
rnoly have been brought out by somefintaniUe chance aiinrag 
fixun a compensation of errors. It was not till after the middfo 
of the last century that the distance of the sun from the earth 
was ascertained with any thing like precision and, in the accom- 
plishment of this end, means were employed of which the 
ancients could have had no idea. ^ 

Some confusion prevails in the accounts we have of the value 
assigned by Aristarchus to the visible magnitude of the moon. 
In the work above quoted he states, probably from the observed 
of central eclipses of that luminary, that the smui- 
diameter of the earth’s shadow in the region of the moon or, as 
he it, the circle separating the light firom the shadow, is 
equal to the diameter of the moon; again, in one place he 
the lattra equal to i~rir circumference of a dmle, 

or two degrees, and in another, the semidiameters of the sim a&d 
moon togetha: are made equal to the same quantity; it is fun- 
bable, however, that neither of these is what is meant, hut tink 
he supposed the diameter of the earth’s shadow to be two de* 
grees, which yet is mxoneous, for we find it equal to «^t.^ 
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AiialiMEdiia^ mluie iibe nsiblediaiMtei; ofj&e san t»qiid Kj ;^ir cX 
the asodiac, or to half a degree, iirhidi u near the 
aodit must have hem evident that' &e visible diaiiaeter dT 
moon is about the eaeme as that of the mm ; hefverthdeas 
considers the linear diameter of the iobner to be betwem and 
of her distance from the earth, which supposes l^^guiar 
diameter to be between dO' and 3^ 50' : it must, therwnre^ be 
admitted that great errors have found their way into the text 
this ancient author ; but, whatever may be the values which 
Aristarchus had found for the visible magnitudes of the sun and 
moon, he expressly asserts their equality and, from thence, 
justly concludes that their linear diameters will be directly pro- 
portional to their distances from the earth ; therefore, agreeably 
to his previous determination of those distances, it win follow 
that he supposed the sun to be nineteen limes as great, in 
diameter, as the moon. Aristarchus appears, moreover, to have 
had a correct notion of the vast extent of the universe ; for, as 
is* stated in the Arenarim^^e observes that the movement of the 
eaiih does not much afreet the apparent places of the stars, and 
concludes from thence that these are incomparably more remote, 
than the imn, from the earth. Such are the detenninations of 
this philosopher ; the first, probaldy, that were made concerning 
the magnitudes and distances of the celestial bodies ; and, from 
the processes employed, wc may i>erceive not only that the 
direct observations of angular extent were very incorrect but 
that* there existed no method, or such only as was very im- 
perfect, of applying a numeral calculus in the solution of 
propositions concerning plane triangles. 

Areliimedes informs us that Aristarchus had composed a work 
in which he asserted the annual revolution of the earth about 
the sun ; from a passage in Plutarch, the same philosopher 
appears to have been awaxe of the fact that the revolution of the 
earth about an axis oldique to the horixon was the cause of the 
variable lengliKs of oar days and Phitarch, also, afleges 

that Cleaarihus of Samos bad endeavoured to exphan the phe* 
nomena of the uaaverse by supporing the heavens uaunoveahk 
and the earth lo levtdve both in the ee%>lae and on its axis. It 
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is remarkable, however, that iPutarch makes Anstarcbiis say,» 

. the Greeks ought to have prosecuted deanthus for impiety in 
displ|Lcing the temple of Vesta by giving motion to the earth ; 
yet, according to Archimedes, Aristarchus held the same doc- 
firihe: it is, therefore, probable that either Plutarch or Ar- 
chimedes has mistaken one 6f these persons for the otlier, but the 
circumstaliccs they relate may serve to shew that the opinion of the 
mobility*of the earth had gained some ground among the learned 
in their times. The former adds that it had been demonstrated 
by a philosopher named Scleucus ; but the demonstration, 
whatever it may have been, is now lost. Censorinus * ascribes 
to Aristarchus the invention of a cycle or, as it is called, a great 
ycai*, consisting of 2484 common years ; and Bailly*’ endeavours 
to shew that this is a period in which two successive conjunc- 
tions of the sun and moon with a fixed star would appear to 
take place according to thfe values assigned, by the Chaldeans, 
to the revolutions of those celestial bodies, from which he would 
draw an additional argument in favour of his opinion of the 
antiquity of the Chaldean obsen^ation^; but, as we know nothing 
of those values, and as Censorinus states that Aratus supposed 
the same cycle to consist of 5552 years, and Herodotus, of 
10,800 years, it must be evident that his hypothesis concerning 
the cycle of AristaiThus rests on no satisfactoiy foundation. 

Archimedes is said to have been bom in the year 287 Before 
Christ and, like almost every other Greek who devoted himself 
to philosoidiical pursuits, to have completed his course of 
education in Egypt Besides his investigations and discoveries 
in pure geometry and mechanics he apj)ears to have paid con- 
siderable attention to astronomy; having, as Ptolemy informs 
us, employed himself in determining the length of the year by 
reducing and comparing such observations of the solstices as 
had been made previously to his own time. He is also said, by 
the poet Claudiau, to have invented machiiieiy for representing 
the motions of the sun, moon, and stars; but we have had 
occasion to notice, in the dialogue Timaeus, wbat appears to 
have been an allusion to planetary machines ; it is probable, 
therefore, that the Syracusan philosopher, in this respect, only 
■ De Die Lib. I. cap. 16. ** Astron. Mod. Tom. I. 
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approximatively known ; and, since we have no account hfl the 
steps first taken in the research of those elements, it will be 
proper to shew how from the data then possessed they might 
have been discovered. It must be observed, however, that the 
value obtained in the manner we piir{>osc to describe would, 
from the inaccuracy of the data, necessarily dificr widely from 
the truth ; and those employed by Hipparchus and Ptolemy, in 
fact, did so differ ; yet they were not without their use, and, in 
proportion as tlie instruments of observation were improved, tho 
parallaxes, at least that of the moon, by whatever means de- 
termined, gradually became more correct. 

Let sv [Plate I. fig. 3] be an indefinite line joining the 
centres of the sun, eartli and moon when in conjunction, or at 
the time of a central eclipse of the sun or moon ; assume E M or 
E m' of any length at pleasure to represent the distance of the 
moon M or m' from the earth K ; and, since Aristarchus found 
the distance of the sun from the eartli to be nineteen times the 
distance of the moon from thence, we may make E s etpial to 
nineteen times E m ; then s may represent the centre of tho sun : 
now, because the visible magnitudes of the sun and moon were 
supposed, by Archimedes, to be equal, each, to about tliirty 
minutes, by drawing Ea, Eb to make an angle of 15' on each 
side of E s, we shall have a b for the linear diameter of the sun, 
and c d for that of the moon : again, in central limar eclipses, 
llie semi-diameter of the earth’s shadow in the region of the 
moon was found by Aristarchus to be equal to the diametcT of 
the moon ; therefore, if we make M' f and m' g respectively equal 
to c d, the lines a f, b g will determine Uie cone of shadow cast 
by the earth ; consequently h k is known, and the angle at v. 
Lastly, by drawing M'k and sk, the angles EM'k and Esk, 
which are, respectively, the parallaxes of the moon and sun, arc 
found. All the linear dimensions here supposed to be computed 
will be expressed in terms of E M, but the diameter hk of the 
earth being supposed to be known, it is evident that, by propor- 
tion, the values of those dimensions may be found in stadia or 
any other measures of length. 

We have no account, in any writings which have been trans- 
mitted to us by the ancients, of the observations made before the 
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time 3f Hipparchus on the movements of the planets ; and it is 
probable enough that such observations, from which the most 
useful information concerning the system of the universe might 
have been drawn, were too much neglected by the Greeks, who 
seem to have had but little taste for the method of philosophising 
by interrogating nature : but that the situations and movements 
of the planets had been in some measure attended to, perhaps as 
early as the time of Eudoxus, may be concluded from the hint 
given in tlie TimsQus about the complexity of the theories of 
Ma Jupiter and Saturn ; and that many particulars relating to 
the planetary orbits had been then, or soon afterwards, dis- 
covered by observation may be conceived from the circumstance 
that the hypotheses proposed by Apollonius of Perga are 
founded upon data which must have been previously obtained 
in that manner. 

This philosopher is supposed to have lived about 242 years 
before Christ, and Ptolemy relates of him that, pursuing the 
ideas of Plato conceniing the supposed perfection of circular 
and uniform motions ^nd, wishing to reconcile with these ideas 
the apparent irregularities observed in the movements of the 
planets, he invented two different systems, in one of which the 
planets were supposed to revolve on the circumferences of circles 
whose centres do not coincide with that of tlie earth ; and in the 
other, denominated the system of epicycles, each planet was 
supposed to move on the circumference of one circle while the 
centre of this circle is carried romid the circumference of another 
which is concentric with* the earth ; the latter being supposed 
stationary in the centre of the universe. The invention of these 
systems constitutes the first deviation from the principles which 
were, among the ancients, considered as fundamental laws of 
nature : liitlierto all the circles or spheres employed to produce 
the phenomena of planetary motion were homocentric ; now we 
find this hypothesis abandoned, but how many ages were yet 
to elapse before the prejudice in favour of circular and uniform 
motions could be vanquished? Apollonius and his disciples 
still tenaciously adhered to these ancient opinions and, rather 
than quit them, suffered themselves to be involved in an in- 
tricate combination of movements which verj- imperfectly 
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represented the observed phenomena, while the simpler and more 
correct hypothesis lay almost within their view. It is uncertain 
whether, originally, the epicycles and their deferents, or the 
circles on whose circumferences they were supposed to move, 
were considered as objects of the imagination, or as existing in 
material spheres ; the language of tlic ancients seems to favour 
tlie last opinion, but it is not likely to have ever been seriously 
entertained by their men of leaniing. llie formation and de- 
velopment of the systems of Apollonius must have required a 
knowledge of the times when the planets were in their apsides, 
and of the situations of tliose points in the heavens ; die times 
when the planets were stalionar}^, and the extents of die arcs 
both of the direct and retrograde movements : these must have 
been obtained from observation in order to compute die radius 
of the eccentric orbit and the position of its centre, or the pro- 
portion between the radii of the hoiuocenlric circle and the 
epicycle ; and it is impossible to doubt Uiat the deductions of 
theory were compared w ith the pheiioiiiena actually observed 
in order to satisly the mind conceminj the justness of die 
systems ; it must, therefore, be admitted that such obson alions 
as are here siqiposcd must have been made in, and before die 
time of Apollonius. 

To explain, from the account given by Ptolemy*, the ob- 
served inecpialities and the changes in direction of the move- 
ments of the jilaiicts, according to die hypothesis of a simply 
eccentric orbit; let e (Plate I. fig. 2) be the earth or centre of 
the universe, abfd die circular orbit of a planet, and c its 
centre ; draw' the line a p through c and K, then k c will be the 
eccentricity of the orbit, a and i* die points of apogeum and 
perigeum respectively. Now the planet and the circumference 
of the eccentric orbit are supposed to have unifonn and in- 
dependent movements in contraiy directions about E and c 
respectively ; the former from a tow ards u, which is direct, or 
according to the order of the zodiacal signs, and the latter, from 
A towards b' or in retrograde order ; it is therefore ev ident dial 
when the tw o raovenUkts are equal, as seen fi-om E, the planet 
will appear stationary, and when the apparent velocity of the 
* AlnuigeBt, Lib. XII. 
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eccentric is less or greater than that of the planet, the movement 
of the latter htD appear direct or retrograde respectively. Now, 
to find the eccentricity of the orbit ; let d and n' be the points 
in which the planet apiicars stationary ; imagine also the lines 
BED and B' E D' to be drami and let fall c f', c F perpendicularly 
upon them ; then if f d' be multiplied by v, the angular velocity 
of a point in the eccentric about c, which may be considered as 
the velocity about F ; the product will express the linear spsLce 
imagined to be described by d', in a very short time, perpen- 
dicularly to F n': again, if Ed' be multiplied by v, the angular 
velocity of the planet at d', about e; the product will also 
express Hie linear space described by the planet in a very short 
and equal time, }>erpendicularly to F d' : but these spaces are 
described in opposite directions by hypothesis ; and, when the 
planet is stationaiy, they are equal to one another, or F d'.v = 
E D'. V ; it will, therefore fidlow that, at the point d', the lines 
F d' and E d' are to one another as the velocity of the planet in 
the eccentric is to the velocity of the eccentric ; it is also evident 
that tlie movement tlie planet will appear to be retrograde 
while it is describing the arc d d', and direct in e\'ery other part 
of the orbit ; and that, at p, the retrograde velocity is the greatest 
while the direct velocity is the greatest at a. The velocities of 
tlie planet and of the eccentric being assumed, w^e have the 
ratio of f d' to e d' ; consequently that of F D' io E f ; and sup- 
posing F D to be equal to c a, the radius of the eccentric, the 
value of E F will be kiiow'n in terms of c a ; therefore, if the two 
places of tlie planet in the heavens be observed, when it appears 
Etationar)^ the arc d d' between them will be known, and con- 
sequently its half, which, from the construction of the figure, is 
evidently equal to the angle d k r or c e f : then in the right 
angled triangle c e f, there will be data sufficient to find the 
eccentricity ce. Conversely, if this were known by other 
means, it is evident that the ratio betw^een the velocities of the 
planet and eccentric might be found. 

This theory of a simple eccentric orbit does not appear to 
have been long in use ; for, except a shm notice of it which is 
found in the works of Hipparchus, no circumstances connected 
with it have been preserved .* the theory of epicycles, which 
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from a passage in Platons work De Bepuhlica (where mention is 
made of small circles applied to other circles) is supposed by 
Theon to have been first imagined by that philosopher, has, on 
the contrary, been considerably developed, because it could be 
more easily modified to suit the variations, at subsequent times 
discovered, in the movements of the planets. In fact, while a 
simple inequality of motion was observed, either of the hypo- 
theses might be indifierciitly employed to represent it, as is ob- 
served by Ptolemy, who demonstrates * that the apparent move- 
ments will be the same, in both systems, if the radius of tlie 
epicycle, in the one, be made equal to the eccentricity in Uic 
other ; but he adds that, when a planet has two difierent in- 
t^qualities, both hypotheses must be combined in order to explain 
tliem ; and this combination enters into his o\ra system. 

To exhibit an outline of the tlieory of epicycles, let E (Plate 
I. fig. 5.) be the earth, or centre of the bomocentric deferent 
circle x c y, and c the centre of the epicycle abb; also, let it 
be supposed that the movement of the planet on tlic epicycle 
is retrograde ; tliat is, according to the order of the letters a 
and that the centre of tlie epicycle moves in direct order, or 
from c towards x ; then, the velocity of the planet in the epi- 
cycle being less than Uiat of epicycle itself, about E, its motion 
will be slowest at a, or in apogeoj and su^iftest at i», or in perigeo^ 
but, as seen from the earth, the motion, like tliat of the moon, 
will be always direct. Again, if the planet move on its epicycle 
in direct order, or from a to B, and tlic radii of the epicycle 
and the deferent be suj>posed to be such that the ratio of c p to 
E p is greater than the ratio of tlie velocity of the epicycle to that 
of the planet in the epicycle ; then, as Apollonius shews two 
lines B K, B'E may be so drawn that if the perpendiculars c Q, 
c Q' be let fall on tlicm from c, the segments q i> and D E, Q'n' 
and D'E may be to each other respectively in the same projior- 
tion that the two velocities above mentioned bear to each oUicr : 
and it will be found that, in the points n and n', tlie planet 
would appear stationaiy when seen from the earth; for the 
angular velocity of the planet about c being multiplied by q d 
will express the linear space which Uie planet would describe, in 
• Almagest, Lib. Ill, Cap. 3. ** Ptdemy, Almagest, lab. XII. 
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a SHiin portipn of time, perpendicularly td q d or as, and tlm 
angular velocity, about e, of the centre of the epicycle, or of 
any pdint n in that circle, being multiplied by E n, will give 
the linear space wliich n would describe in an equal portion of 
time, also peipendicidarly to Q E ; and these movements being 
equal and in contrary directions when the planet is stationary, 
it follows that the above proportion holds good w'hen the planet 
is in D and, for the same reason, also when in n' : and, because 
we have supposed the velocity of the planet to be less than that 
of the epicycle, its movement will appear retrograde between d 
and d\ and direct in every other part of the circumference of 
the ejucycle. In the hypothesis just described it is evident that 
the true and aj)parent places of the revolving body lyill coin- 
cide when Uie latter is in the two points a and v of its epicycle, 
which are in a line joining the centres of the epicycle and ho- 
niocentric ; and that whemthc planet is at H and h', where lines 
draunri from Uic earth, at E, are tangents to the epicycle, its ap- 
parent velocity is equal to its mean velocity, since it seems then 
to move only with the velocity of c, the centre of the epicycle. 

In develoi)ing the system of epicycles, it appears that, for 
the inferior planets, Apollonius supposed the centre of the epi* 
cycle to coincide always w'itli the mean place of the sun ; con- 
sequently, tliat the time of a revolution of this centre about the 
earth was equal to the length of the solar year ; also, that the 
period of a revolution of the planet in its epicycle or, as it was 
then called, an anomalistic revolution of the planet, was equal to 
the interval between two inferior, or tw^'o superior conjunctions 
with Uie sun, and the situation of the line of the apsides, or line of 
inferior and superior coujimction, for the inferior planets, was sup- 
posed to pass tlirough the eartli and the mean place of the sun at 
the middle of the interval of time between two equal elongations 
of Uie jilanet eastward and westward from that lumipary. It is 
probable that, at first, the situation of this line was determined by 
the tnie place of the sun but the results of calculation being, on 
this hypothesis, found to disagree with the observed phenomena 
the other hypothesis may have been, subsequently, adopted in 
order to produce a nearer approach to conformity between the 
theory and the observations. With respect to the superior 



218 


ASTRONOMICAi:^ WORKS, ETC. 


[chap. 


planets, the centre of the epicycle of each was made to move on 
the circumference of the deferent with the mean geocentric ve- 
locity of the planet, and the velocity of the latter on its epicycle 
was supposed to be equal to the difference between the mean 
motion of the planet and that of the sun. It docs not appear 
that Apollonius conceived the existence of more tlian one epicycle 
for each planet ; and it is probable that the compound epicycles 
were introduced to explain the additional variations discovered 
in the movements of the planets subsequently to the time of the 
astronomer of Perga. It is, also, uncertain whether the pro- 
portions between the radii of the epicycles and the deferents, 
for all the planets, were investigated by Apollonius, though tliis 
is extremely probable ; but these, and several other elements 
which, according to the system in question, enter into the con- 
stitution of tlie orbits, were determined by Hipparchus and, 
i/v-ith his own subsequent investigations, are consigned in the 
writings of Ptolemy. 
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CHAPTER XI. 

THE DISCOVERIES OF HIPPARCHUS. 

Trigonometry introduced by Hipparchns.— His catalogue of stars. — His in- 
strumeuts and manner ^of observing.— The discovery of the. precession of 
the stars in longitude. — Manner of regulating the length of the day. — The 
length of the year found by observations.— Correction of the calendar pro- 
posed by Hipparchus.— Investigation of the solar orbit.— Lunar periods de- 
termined by Hipparchus. — Acceleration of the moon's mean motion. — The 
nature of the lunar orbit. — Data for the elements of the orbit obtained from 
ancient eclipses.— Investigation of the lunar orbit on the hypothesis of an 
epicycle. — Manner of finding the moon’s angular diameter. — The parallaxes 
of the sun and moon. — Nature of the planetary orbits. — Investigation of the 
periodical times and movements of the planets. — Enumeration of the works 
of Hipparchus. « 


By the writings of Hipparchus the science of Astronomy was 
destined to receive so many valuable improvements that it may 
be almost said to have taken, from them, a new form. Before 
tlic time of Uiis philosopher it consisted of a few general theorems 
of litUc value, because there were wanting the means of obtain* 
ing, by a numeral calculus, the measures of the times and spaces 
which arc the subjects of investigation ; and to him we are in- 
debted, very probably, for the invention and, certainly, for the 
first application of trigonoinetiy in these researches, by which 
the facility of fixing with precision the places of the celestial 
bodies and of exhibiting the variations of their movements was, 
in an important degree, augmented. 

Hipparchus first distinguished himself by the commentary on 
the poem of Aratus before mentioned, and in this is contained 
the earliest hint we meet with concerning tlie employment of 
geomctiy in questions relating to practical astronomy ; the in- 
stance occurs in a problem which is of considerable intricacy, 
and which must have been of essential utility in the ancient sci- 
ence. He supposes a certain star to be situated in the horizon, 
its right ascension and declination and, also, the latitude of the 
place of observ ation, to be known ; he then gives, as the results 
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of calculation, the diurnal arc described by the star, the longi- 
tude, right ascension and declination of the point of the ecliptic 
which is in the horizon with the star ; the right ascension of die 
midheaven and the culminating point of the ecliptic at the time 
when the said star is in the horizon. Now these elements might 
have been determined by inspecting a common artificial globe ; 
by geometrically constructing the circles of the sphere on a 
plane, or by trigonometrical computation; but the words of 
Hipparchus plainly shew that one of the last two methods was 
employed, for he states diat he had demonstrated the solution of 
the problem by a ji^ure^ in his treatise on the simultaneous 
risings and settings of stars : unfortunately this work is lost, as 
well as the twelve books which he had written concerning the 
calculation of a table of chord lines inscribed in a circle ; a table 
which must have been intended, like that of the sines of arcs in 
modem trigonometry, to facilitate the computation of the un- 
knovm parts in plane or spherical triangles. 

A knowledge of the positions of the fixed stars is the basis 
upon which the whole of astronomy rests ; and one of the greatest 
benefits which Hipparchus conferred upon the science consists 
in the formation, fi-om his own observations, of a catalogue said 
to have contained the places of above one thousand of the prin- 
cipal stars. It is uncertain what was the kind of instrument 
employed in making these observations ; for if, as is supposed, 
the catalogue given by Ptolemy was formed fi’om that of Hip- 
parchus, it would seem that the situations of the stars were ex- 
pressed by their longitudes and latitudes ; and these might have 
been obtained, either by direct observation or by getting the right 
ascensions and decimations in that manner, and determining 
Jfrom those elements the positions of the Stars, with respect to the 
ecliptic, by calculation. But as Hipparchus distinguishes the 
places of stars, in his commentary on Aratus, by their right as- 
censions and declinations, it is probable that he pursued the lat- 
ter method in forming his catalogue ; and, in this case, the in- 
stmment employed must have been a species of equatorial, in 
which one of the circles was adjusted to coincide wdth the plane 
of the equator ; there might be another circle perpendicular to 
this and capable of turning on the polar axis ; and, in the plane 
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of thins last, might be an cdidade tuming upon the centre of the 
armillaD and carrying the sights by which the star was to be ob- 
served. In naming the right ascension of ^ Draconis, he says 
the star, on its parallel, was in three degrees of Leo, meaning, as 
Delambre observes, that its right ascension was equal to about 
4^ 3'', or 123 degrees ; and the last-mentioned astronomer thinks 
it probable, from the above expression, that the right ascension 
was measured wiUi such an instrument, on the star’s parallel of 
declination ^ ; but this does not necessarily follow, and it is more 
likely tliat the right ascension was measured on the equator of 
the instrument between its equinoctial point and the horary circle 
passing through the star at the time of observation : be that as 
it may, it is certain that Hipparchus supposed the equator as 
well as the eclii)tic to be divided into signs, or spaces of 30 de- 
grees each ; and if we compute from die present tables, making 
the necessary allowance for the movement of the equinoctial 
points since the time of Hipparchus, it will appear that the right 
ascension of ^ Draconis was then equal to 121° 42' ; the ertor, 
consequently, is about 78 minutes, which will not appear sur- 
prising when we consider the probable imperfection of the in- 
strument and the manner of making the observation. 

Ptolemy quotes an observation of the moon made by Hippar- 
chus at Rhodes, in the year 197 from the death of Alexander, 
with an astrolabe which was capable of being adjusted to co- 
incide w ith the plane of the ecliptic in the heavens, and by which 
consequently, the longitudes and latitudes of celestial bodies and 
the places of the nodes of the moon or any planet, might be di- 
rectly obtained : but the difficulty of verifying the position of the 
instrument must have rendered the use of it inconvenient, and 
the obser\^ations made with it liable to many inaccuracies ; it is 
probable, therefore, that it was not so generally employed as the 
equatorial astrolabe before mentioned, for die adjustment of 
which it was only necessary to find a horizontal plane, to trace 
on it a meridian line and to give to the plane of the principal 
circle an inclination to die former plane invariably equal to the 
complement of the latitude of the place of observation. 

From the ancient accounts of the situations of fixed stars and 
' * Histoire de rAstronomie, tom. I. 
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planets, with respect to the equinox, we find that it wiits the 
practice to obtain the distances of these from the sun in longi- 
tude or right ascension by Uie intervention of the moon. On 
accoiuit of the impossibility of seeing the sun and star at the 
same time by the naked eye, the distance of the latter fi'om the 
moon, wdien both were above the horizon, was observed by some 
instrument ; then, by means of the known synodical movement 
of the moon, her distance from the sun was found and, conse- 
quently, that of the star from the sun ; but the place of the sun 
with respect to the equinoctial points being also knowm, that of 
the star from the same points was determined. We have here 
supposed the moon’s distance from the star to be measured, but 
it is evident that a conjunction which could be observed by the 
miassisted eye, or an appulse in which the distance could be 
estimated, may have been occasionally employed and, in fact, 
such was the more ancient manner of ascertaining the places of 
the stan^. But in whatever way the distance of a star from the 
moon was found, it is obvious that its longitude or right ascen- 
sion must have been affected by the errors then existing in the 
values of the lunar movements; and this evil. could not be re- 
moved till the invention of telescopes, which permitting some 
of the principal stars to be seen iii.the day-time, it became pos- 
sible to dispense with the moon and to determine the difference 
in the right ascensions of tlie sun and star by direct obser^^ation. 
It may be observed in this place that Hipparchus, probably, was 
not, at the time of waiting the commentary, acquainted with the 
movement of the equinoctial points in the heavens ; for he seems 
to suppose that the places of the stars, in the time of Eudoxus, 
were the same as those he assigns to them from his own obsen a- 
tions, which were made above tw’^o hundred years later ; and it is 
from this circumstance that the commentary on Aratus has been 
supposed to be one of his earliest works. A remark made by 
Ptolemy • proves that Hipparchus, after determining the places 
of the stars, had made a representation of the heavens on the 
surface of an artificial globe, which appears to have been depo- 
sited at Alexandria. 

The principal circumstance* from which an argument can be 
* Almagest. liib. VII. Cap. 1. 
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drawH in favour of the opinion, that this celebrated philosopher 
subseqaently became acquainted with the fact oftthe precession 
of the stars, or rather the retrog^adation of the equinoctial points, 
is the comparison he made of the place of the star Spica Virgi- 
nifij determined by himself, with that assigned to it by Aristyllus 
and Timocharis about 170 years previously. He states that, in 
his time, this star w^as distant 6 degrees from the autumnal equi- 
nox, or that its longitude was 174 degrees ; a fact which Ptolemy 
supposes he had ascertained by an eclipse of the moon observed 
in the thirty-second year of the third Calippic period, when the 
star was in its vicinity ; but the astronomers above mentioned 
had found, probably in a similar manner, that the same star was 
8 degrees from the equinox : now, if Hipparchus felt ^any con- 
fidence in his owm observations and in those of Timocharis, he 
could not avoid considering this difference as caused either by 
a movement of the star in longitude, during the interval, or by 
a contrary movement of the equinoctial point in the heavens; 
and, by proportion, he must have found that the one or the other 
w^as equal to 42 seconds yearly : it is right, however, to obseive 
that, according to Ptolemy Hipparchus received from the an- 
cients scarcely any other observations on the fixed stars than 
those which had been made by the two astronomers above men- 
tioned; and, even of these, he adds, the accounts were obscurely 
delivered: whence it may be inferred that little dependence 
could have been placed on the value of an element determined 
by such data. The other argument from which it may be con- 
cluded that Hipparchus w as acquainted with tlie retrogradation 
of the equinoctial points, is drawn from the fact that Ptolemy 
quotes a work under that title which, he says, was ascribed to 
him; and, tliough this circumstance does not, exactly, prove 
that the former astronomer had written the work, it seems not 
likely that any person should . have attributed to another the com- 
position of a scientific treatise, the honour of which belonged to 
himself; or tliat, within the two hundred and fifty years which 
elapsed between the times of Hipparchus and Ptolemy, the real 
discoverer of this important element should have been forgotten. 
Ptolemy asserts, on the authority of the same work, that Hip- 

• Ubi supri. 
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pai^hus, when he first discovered the precession, thought |t took 
place only in ^e zodiacal stars, as if the zone containing them 
had a motion in longitude independent of the movement of the 
other stars; but, considering, afterwards, that all the stars pre- 
serve tlieir relative positions imchanged, he concluded it to be 
general ; and it is added, that he endeavoured to account for it 
by supposing that, besides the diurnal revolution, the system of 
spheres appertaining to the fixed stars was affected by a motion 
about tlie pole of the ecliptic, in direct order. 

The value of the precession, supposed to have been obtained as 
above stated, must not bo considered as near the truth ; but a 
more correct value has since been found by comparing the place 
of a certain star, in the days of Hipparchus, with that assigned 
to it in later times. Now Hipparchus, speaking of tlic star n 
in Canis Major, says it was in that part of the solstitial colurc 
which contained the summer solstice, meaning that its longitude 
and right-ascension were tlien considered ecjual to 3 signs, or 
90 degrees, and, in the year 1750, Uie longitude of the same 
star was 3® 26® 4' 10'': hence, supposing the observation of 
Hipparchus to have been made about 130 years bef(>rc Christ; 
tliatis, 1880 years previously to tlie other, the precession in lon- 
gitude would be 49".92, or nearly 50" annuallj' ; and almost the 
same result has been obtained by Dclambre, on comparing the 
longitudes of several stars in tlie catalogue of Hipparchus wdth 
tliose ofllie same stars determined by modem observations. It 
is remarkable that Ptolemy, who must have used a like process, 
comparing the jdaces assigned by Hijiparchus w'ith those found 
by himseli) makes the annual precession equal to 36" only, which 
seems to prove that the observations of Ptolemy were less accu- 
rate than those of the more ancient astronomer. 

The method of designating the places of stars by their longi- 
tudes and latitudes might, as Delambre observes *, have been 
adopted by Hipparchus subsequently to the discovery of the pre- 
cession, on account of the facility it afibrds in correcting those 
places ; since, tlie latitudes being but little affected by this mo- 
tion, the variations are only equal to the precession in longitude 
in the inten^al between tw o given times. The same astronomer 
* Astronomic Ancieune, tonK II. 
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convenience in trigonometric^ calct^B^^ ito iisted^^ 
he observes^ bdng a commoh angular JpoiiSt for all |he trian^s 
by which the reductions are made from Ae {dane of one of 
circles to that of the other. * ' 

The length of the solar day> or the interval between two Site* 
cessive arrivals of the sun at the meridian of any place, was by 
Hipparchus, from his observations of the daily movements of the 
sun, found to be variable in different seasons ; and in order to 
reduce this to its mean value he is said to have applied a correc- 
tion^ similar to that which has^^rince been called the eq^iation of 
time. Now, if the day be made to commence with the arrival of the 
sun at tlie meridian, it would be easy to shew that this equation 
must depend on Ihe inequalities in the sun’s motion and on the 
obliquity of his path in the heavens to the axis of the diurnal 
revolution, which terms being quite independent of the situation 
of the place of observation, the daily values of the equation, when 
found and arranged in a table, might be applied immediately to 
the transformation of apparent into mean time, or the converse, 
in any climate of the eailh ; but, while Uie day was supposed to 
commence with the rising of the sun, there must have been an- 
other cause of inequality in the lengths of days, depending upon 
the variable inclination of the sun’s path to the horizon, conse- 
quently depending upon the latitude of the place of observation; 
and the equation of time, for the same day, must have been dif- 
ferent in places not having the same latitude ; the simplification 
of this element was, in all probability, the reason why Hippar- 
chus changed the regulation of the length of the day from thie 
interval between two successive risings of the sun to that be- 
tween two successive arrivals of the sun on the plane of the me- 
ridian; it .must be remarked, however, that this philosopher 
made the day commence at midnight, whereas astronomers nbw, 
universally, begin the day at noon, but the other method is <Mill 
followed in our reckoning of time for civil purposes. The . 
imum value of the equation of time is said to have been, by Hip. 
parchus, determined to be equal to 33' 20 ' ; a quantity greats 
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minutes only. It is also wortby of obserratiou, that in or before 
the time of Hippardms the hour of the night at which any phe* 
nbmenon occurred was detemunedy as we are i]ifi>rmed by Ptolemy > 
by observing what sto was on the meridian at the time; tor the 
light ascension of the sun being hnown, the difference between 
this and the right ascension of the star is the time required. The 
star If in Canis Major seems to have occasionally served, by its ar- 
rival at the meridian, to indicate the zero for reckoning the hours ; 
its right ascension, which was then exactly 90 degrees, rendering 
it convenient for the purpose ; and, when any other star was ob- 
served on the meridian, the difference in time, between the right- 
ascensions of such star and of that above mentioned, expressed 
the hour of the night. 

The investigation of the laws by which the movements of 
the sun, moon and planets are regulated is an essential part 
of the labours of an astronomer; and as soon as the places of the 
principal fixed stars had been determined witli precision, it 
seems that Hipparchus applied himself to this difficult task, in 
the prosecution of which he has displayed the resources of a 
highly expanded mind; and, by the importance of the results 
he obtained, he has acquired for himself tlie reputation of being 
the most successfiil cultivator of the science among the ancients. 
The length of the tropical year is the first step in the solar 
theenry which it is necessary to obtain witli exactness, not only, 
on account of its utility in the regulation of the calendar, but^ 
also, because upon it depend the elements of the apparent orbit 
of the sun. Till the time of Hipparchus this had been con- 
cluded from comparisons of the observations transmitted by the 
Chaldeans and Egyptians, with those of later dates ; but this 
distinguished astronomer, who is twice designated by Ptolemy 
a man of great industry and a lover of truth*, knowing the 
uncertainty of the more ancient observarions, endeavoured to 
avail himsdf of mch as had been made nearer his own tiine, 
which might, consequently, be supposed more accurate. Now 
the data to be employed for determining the length of the year 
may consist of the observed days, either of the solstices or of 
* AUnsgest^ lib. III. and IX. r 



Ae e^tainexes, and tibaire exii^ m tluit a|^ a» OiMf^ 
of a fidatice wUcb bad been mada by Aristechna of Afobt* 
modes at the end of the fiftietb year of the first Cdipipic peiriod, 
or in the year 281 Before Christ; this, Hipparchus coj pyape d 
with one made by himself at the end of the forty-tl^d year of 
the third Calippic period; that is 145 years later, and it ap- 
peared that the latter solstice happened twelve hours, or half a 
day, later than the time determined by calculation on the sup<- 
position that the year consisted of 365 J days; = *00345, 

or nearly therefore that supporition appeared to be in ex- 
cess about yyy , of a day, and Hipparchus concluded that the 
number of days in the tropical year was equal to B65 + y— yyy, 
or to 365*24655, a vahie which is greater than the truth by 
6' 13" only; since, according to La Place % the len(^ of the 
tropical year at that time must have been equal to 365*242215 
days, or about 4"*2 shorter than in the present age. 

But the Greek astronomer conscious of the uncertainty at- 
tending the obsen^ations of the solstices, from the smallness of 
the variations in the lengths of the shadows cast by the gnomon, 
an uncertainty which he admits might amount to a qiiaxlm* of a 
day in the time of the arrival of the sun at the tropic, seems to 
have made an eifort to employ the metliod of the equinoxes, by 
observations made with the equatorial armillse, which would be 
susceptible of more precision ; but of this kind of observation 
there seems to have been none made previously to his time, 
and he was reduced to the necessity of emplojdiig such as were 
made by himself at an interval of only thirty-three years: the 
length of tJie year detcmiined by these observations was nearly 
the same as that found from the solstices, as before-mentioned, 
but the last interval of time being too small, the coincidence of 
the results could hardly be considered as a proof that either was 
correct. On Uie faith of these determinations, which were the 
most accurate then obtained, Hipparchus suggested an improve- 
m^t in tlio calendar, in order to keep the seasons to the same 
days of the year : it bad before been the practice to intercalate 
one day at the end of every fourth year, which was done on the 
supposition that the length of the year was 365i days, and he 
* EicpMition du Sjrniiy. du Maud.. 
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proposed to leave out one of the intercalated days at tbe^d 6f 
every three hundred years which, it wtiS expected, would leave 
a very trifling error in the times of the returns of the seasons. 
It is, however, uncertain whether the recommendation of Hip- 
parchus was attended to by persons in power; and, even if it 
were so, it could only have been adopted in the calendar of the 
Egyptians, since there is no account of it in the writings of any 
other people. But it is probable that in Egypt, as well as in 
Europe, the correction was considered only as the speculation 
of a private philosopher; for if we suppose it to have succeeded 
in gaining the confidence of the public, we shall find it difficult 
to believe that, at the time of the reformation of the Roman ca- 
lendar by Julius Csesar, the mathematicians consulted on the 
occasion would not have used their influence to procure the 
introduction of an intercalation which, besides being little more 
complex than that actuall}" adopted, would have possessdfl the 
advantage of very superior accuracy. 

The Romans, never disposed to pay attention to subjects of 
a scientific nature, contented themselves with the lunar year 
instituted by Numa, till its inconvenience as a means of fixing 
the times of historical events became so sensible as to induce 
them, at length, to change it for that which is regulated by the 
motion of the sun ; for tliis purpose Sosigenes of Alexandria 
proposed to add 10 days to the 355 constituting tlie lunar year, 
increasing the former lengths of some of the months by one day 
each, constantly, but the month of Februaiy’^, by one day in every 
fourth year only; the fourth year, thus containing 360 days, was 
called bissextile, and the added day was intended to correct the 
error arising firom the supposed excess of the length of each 
year above 365 days. This regulation of the calendar was 
from that time followed within the limits of tlie Roman empire ; 
and, after sixteen centuries, the inaccuracy in the value of the 
excess assumed by the mathematicians of Csesar was, also by a 
Roman Pontifi*, corrected in a new reformation of the calendar, 
which is now adopted by all civilized nations. 

From a difference in tlie places of Spica Virginia which, ac- 
cording to Ptolemy, Hipparchus had determined by two eclipses 
of the moon observed in tha thirty-second and forty-third years 



of thoitlikdCalipptc p^od, the la»t mentiwed astmiiohier B&im 
to have entertained a euspicion that there was an inequality in 
the length of the solar year; and it is prdbaHe that» in order to 
ascertain this poin^ he made those comparisons of the times of 
the equinoxes and solstices which have been mentioned above. 
By the first of those eclipses, as Ptolemy informs us, the longi- 
tude of the star, determined by its distance, at that time, from 
the moon, was 5^ 23® 30'; and by the other, 5* 24° 45': the dif- 
ference, which is 1° 15', is too great to be accounted for by the 
precession in the interval betyvoen the observations, and at a 
time when the length of the year was unsettled, it is not won- 
derful that the cause should be ascribed to a variation in the 
periodical time of the sun^s revolution: this variation is assumed 
by Hipparchus, who, in speaking of the observations by which 
tlie length of the year was determined, expresses an opinion* 
tliat neitlicr he nor Archimedes could have erred so much as a 
quarter of a day m the computed times of the solstices ; but, 
since this clement is wcU known to bo very nearly constant, 
we cannot avoid concluding with Delambrc that the above dif- 
ference must have been owing to errors in the observed distance 
of the moon from tlie stai*, or, perhajjs, to an imperfect know- 
ledge of die effect of parallax in changing her longitude. 

Hipparchus is said by Ptolemy to have found fi-om observa- 
tion, that the interval between the vernal equinox and the sum- 
mer solstice was. equal to 94 J days, and that firom the latter to the 
autumnal equinox there were only 92|- days ; hence it must have 
followed, that the length of the summer half year w’^as 1 87 days, and 
that of tlie winter half year, 178 days. It is easy to conceive that 
this unequal division of the year, which could not have been 
unknown before the time of Hipparchus, may have led, origi- 
nally, to the idea of representing the sun’s orbit by a circle, 
whose centre is not coincident witli that of the earth ; and there 
can be little doubt that Apollonius had investigated the ele- 
ments of the orbit on this hypothesis, though no account of his 
researches have been transmitted to us: tliat Hipparchus did 
so we have the authority of Ptolemy for saying, but we are 
ignorant of the processes he adopted ; yet, as the last mentioned 
astronomer informs us iliat his own investigations terminated in 
* Almagest, Libi III. Cap. 2. 
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Ibe same results, and as be does |i<^ t^atm fer himsdf tbfe merit 
pf bavini^ invented a new method of proeeeiSng in the enqmry ; 
we may without heritation consider that the reasonings of Hip- 
parchus were rimilar to those which, he, himself, has exhibited 
in the Almagest, and of which the following is an outlinew 

Ijet the circle ab n' (Plate 1. fig. 4.) be the sun^s orbit, of 
which c is the centrej and let £ be the place of the earth ; th^ 
c £ will be the eccentricity, and a p the line of the apsides : 
through £ draw B B', and d x>' at right angles to each other ; then 
B and B' will be die places of the sun at the summer and winter 
solstices, D and n' his places at the vernal and autumnal equi- 
noxes respectively. Since, as above slated, the interval between 
the vernal equinox and summer solstice is equal to 94^- days, 
and between the latter and the autumnal equinox is 92 J days, 
and that the periodical revolution of die sun is accomplished in 
3651 days ; we have, by proportion, the arc d b, or the angle 
i> c B, equal to 93*^ 9', and the arc b d*', or the angle b c b', equal 
to 91® 11'; dierefore the arc bbb'= 184® 20', and half the ex- 
cess of this arc above 180 degi’ecs, dial is 2® 10', is evideudy 
equal to od, or to the angle Dcd; consequendy ca, which is 
equal to the sine of this angle or, according to the expression of 
Ptolemy, to half the chord of twice the angle, may be obtained 
ironi a table of natural sines or chords, the radius c a being sup- 
posed equal to unity. Again, die difference between die arcs 
B B and B d gives the arc d b, ii*om which taking die quadrant 
db, we have 0® 59' for the value of b b, whose sine is equal to 
a F, which therefore may be found from a tabic of sines ; then, 
by the well-known formula of right angled triangles, c E the ec- 
centricity, is equal to (c a* -|-£ a*), which, when c a is unity, 

is equal to 0.0415; that is C£=:!^^ nearly; this element is 

now known, on a different hypothesis, to be equal to 0.0168, 
when CA, or the mean distance of the sun from the earth, is 
equal to unity. 

Draw M M' through E, perpendicularly to a P ; then Z c M £ 
is evidently equal to the greatest difference between the place of 
the sun in the heavens, if it could be seen firom c, wd its appa- 
rent place as seen from £ ; that is, the angle c m £ is what is now' 
called the greatest equation of the centre, or what the Greeks 



callecNlie maximum pnostaphereiu^^ mr auom^fy t jr|a «ri- 

deutly the sme of Uiat angle, c a bemg the radiii$> tftie abaire 
ralue, which was assigned to it by Hif^aridmat poiteaponds to an 
angle of 3^ 23' ; which, ho|reTcr, much exceeds |he truth, for it is 
now made equal }o about 1*^55'. In tim right an^edtxiangle can 
the rulesof trigonometry give the value of Z. C £ a, which will be 
found equal to 65^ 85^ 5'^; but n bang the position of the ver- 
nal equinox, the angle c £ a or its equal a £ n expresses the lon- 
gitude of the apogeum, which is therefore found : also the an- 
gle c M £ being known, as above, and c £ m b^g a right angle, 
we have the angle mce, and its gupplemmital angle MCA, 
which is equal to 02^ 22' 46'' ; and the angle n c d together with 
A c d, or its equal, a e d, being known, their sum gives the ang^e 
n c A : hence the periodical time of the revolution of the sun in 
its orbit being known, and the motion about c being, by hypo- 
thesis, uniform, Hipparchus could find, by proportion, the time 
in which the sun would move from d to a and from a to M ; and 
the time when the sun is at n, that is in the equinox, being 
given by observation, he could obtain the time when the sun was 
in apogeo, and that in which the equation of the centre was a 
maximum. On the hypothesis here stated Hipparchus com- 
puted tables of the solar movements, which Ptolemy has made 
use of ; but their errors must have been considerable on account, 
both of the erroneous determination of the prostapheresis and of 
the supposition that the motion of the sun about c is uniform, 
which is not the case. 

After establishing a theory of the sun, Hipparchus applied 
himself to the investigation of the movements of the moon ; a 
work of greater diflSculty, in the performance of which we find 
tliat he availed himself of the ancient registers of eclipses and, 
no doubt, of many direct observations of the moon's places, 
which may have been made previously to his time, and which 
must have afforded several useful approximations to the periods 
of her movements. Ptolemy, who has given the same account 
as Geminus of the more ancient lunar cycles, or periods in which 
the restitutions of her inequalities take place, adds that Hippar- 
chus, by comparing the ancient observations with those <rf his 
own time, discovered that the shortest period in which the lunar 
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eclipse return hi the same order, and at «qual intervak o#tiine$ 
1^08 126,007 days 1 hour, mibin which period there were 4267^ 
hmations; 4576 restitutions of anomaly; 4612 tropical revolu* 
tions of the moon, minus 7 ^ degrees ;^ and tliat the sun made in 
the same time 345 revolutions with respect to the fixed stars * : 
from the same authority we learn that Hipparchus had discovered, 
by a comparison of eclipses in which the moon^s ihomaly and 
latitude were the^same, that in 5458 mouths, or 161,178 days, 
there were 5023 restitutions of latitude. Now, dividing the 
above numbers of days by the several numbers of revolutions, we 
obtain the corresponding limes in which the difibrent revolutions 
of the moon were performed; and again, dividing 360 degrees 
^y each of these, we have — 

12®.19075 for Hie moon’s mean daily synodical motion, 
13^.17646 for her mean daily sidereal motion in longitude, 

13® .22935 for her mean daily motion with respect to the nodes, and 
13® .06498 for her mean daily motion with respect to the apsides: 
then, by subtracting the last of these from the daily motion in 
longitude, we get 0®.11148 for the mean daily progressive motion 
of the moon’s apogeura ; and, again, subtracting the daily motion 
in longitude from that with respect to the node, we obtain 0®, 05289 
for the mean dally reirogradation of the moon’s node. Lastly, di- 
viding 360 degrees by each of these last two results, we have 
3229.3 days for the period of a revolution of the moon’s apogeuin, 
and 6806.6 days for that of a revolution of one of her nodes. 
The place of her apogcum in the heavens might be found by ob- 
serving, in the registers of the moon’s daily motion, two of her 
places which differ, in longitude, by 180 degrees and, in time, 
by half an anomalistic revolution : and tlie place of a node by 
observing that of the moon in which her latitude is null. 

By comparing these results witli those which have been ob- 
tained from the most accurate observations made in our own 
times, it is proved that the moon’s mean motion has, since the 
days of Hipparchus, experienced an acceleration, by which the 
above values are diminished in different proportions. Accord- 
ing to La Hace ^ the increase of the angular space described 
daily by the moon, in the present age, with her mean motion, 
Lgtoiftgeftt, lib. IV. Cap. 2. ^ Exposition du SyBtdme du Monde, Note IV; 



heyoslA tiu) doily angular space described in tame dl? Bjp* 
parchoB, when expressed in sexag^ixaal nninbers is, with 
apect to the sun, 0'',00736452 ; with respect to the apsides, 
0''.026879364, and with respect to the node, (K^OOliSdSdO : 
and the same illustrious astronomer shews that these values 
agree very nearly with those assigned by the theory of gravitation. 

Freviouid^ to the time of Ptolemy it appe^ that the moon, 
like the sun, was supposed to have but one inequality of move- 
ment and, in this case, it is easy to conceive that the theory of 
the moon must have been similmr to that of the sun, before de- 
scribed. In fact, the two systems of AppUonius relating to the 
orbits of the planets were, indifferently, used, to explain the ap- 
parent variation of her motion ; and, in the application of tli^ 
first, she was supposed to move on a simple eccentric circle witn 
a velocity equal to her mean motion in longitude, while the ec- 
centric itself was made^ to revolve in the same direction with a 
velocity equal to tlmt of her apogeum.; in the application of the 
second system the moon was made to revolve on the circumfer- 
ence of an epicycle whose plane, as well as that of the homo- 
centric deferent circle, w^ oblique to that of the ecliptic ; both 
movements were imagined to be uniform, and the revolution in the 
epicycle was performed in the time of an anomalistic revolution, 
while the centre of the epicycle was earned about the homocen- 
tric with a velocity equal to her mean motion in longitude. 

As the computation of the elements in a simply eccentric orbit 
have been already sbewn, we may now exhibit the method em- 
ployed by Ptolemy to determine those of an orbit compounded 
of a homocentric circle and an epicycle : tliese elements are the 
radii of the circles and tlie equation of the centre; and as the in- 
vestigation involves only a knowledge of plane trigonometry, 
and Ptolemy professes to follow the method of Hipparchus, it 
is probable, as Delambre observes, that the whole process may 
have been taken from the latter astronomer; the explanation 
may, therefore, without impropriety be introduced in this place. 

In obtaining the data, there ai'e employed the three most an- 
cient eclipses of which any accounts have been transmitted to 
us, and of which it has been supposed that my particulars were 
known to tlie Greeks ; since, if Ptolemy or Hipparchus had been 
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Mfiu^ted witli any biglw antiquity would noC^ have 
Called to mahe use of them. AQ these eclipses aie lunar and 
were observed at Babylon in the reign of Mardocempadius^ who 
is supposed to be the Shalmaneser of the Scriptures ; the first, 
winch occurred in the 27th year ofthe era of Ndbonasser, mr in the 
year 720 b. c., is said to have been total and to have begun about 
an hour ailer the moon was risen in the night between the 2dth 
and SOth day of the month Thoth, when the longitude of the sun 
is stated to have been 11* 24^. 80" ; and it is shewn by Cassini 
that the time of the middle of the eclipse coincided with the Ifith 
day of March, at 3** 4M)' or 8^ 28' before midnight, according 
to the reckoning at Alexandria. The middle of the second 
ll^lipse is shewn to have taken place at a time which c 9 rresponds 
to the 8th day of March in the year 719 Before Christ, and at 
60' before midnight, at Alexandria ; the extent of the eclipsed 
partis stated to have been 8 digits on the moon’s southern limb, 
and the sun’s longitude to have been 11* 14® 45'. Tlie third 
eclipse took place in the same year as the last, on a day corre- 
sponding to the first of Sc 2 )teinl)cr, and its middle was at 4** 20' 
before midnight, at Alexandria; the pxtent of the eclipsed part 
was 6 digits on the moon’s northern limb, and the sun’s longi- 
tude was 3* 3® 15' nearly. • 

Now the mean motion of the sun and, consequently, the 
relative motion of the moon in the inteival between the first 
and second eclipse; that is, in 854.1042 days, may be found 
from the known daily motion of the sun (0®. 986) to be 849® 15'; 
and between the second and third eclipse ; that is, in 176.8417 
days, to be 169® 80'. The mean motion of tlie moon in 
longitude for the first interval is obtained by multiplying her 
mean diurnal motion (18®. 17646) by 854.1042, the number of 
days; then, rejecting whole circumferences or dividing by 860 
degrees, the remainder will be 345® 51', which is the distance in 
mean longitude between the places of the moon at the times of 
the first two eclipses : in like manner, the distance between the 
mean places of the moon at the times of the last two ^lipses 
will be found equal to 170^ 7'. Again, the mean anomalistic 
motion of the moon between the times of the first and second 
eclipse is obtained by multiplying the mean diurnal motion in 
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ano^j (18^.08498) by 884.1043 md ^ wh^Ai 4kmai- 
ferenceiB being rgccted, the moTem^t required W01 be 868^ ; 

in She manner IdO*" 28' wiH be found to be the mean anomaiiatic 
motion between the times of the second and third edSpse. 

With these data the elements of the hmar oAit were investi- 
gated in the following manner. Let £ (Plate II. fig. 1) be the 
place of the earth, c the centre of the epicycle amp, or the 
mean place of the moon at the time of the first eclipse, and 
assume M to be the true place of the moon at the same time ; 
make the arc H PB=d08'’ 25', the arc B M ns 180^ 25'; then the 
arc M D will be equal to 96® 50': draw.B £, m E and de ; then 
ZlMEB (=349® 15'— 345® 51', or* 8® 240 wiU be the difference 
between the true and mean geocentric motions of the moon, in 
longitude, in the interval between the first and second eclipse, 
and £ B E X) (= 170® 7'— 169® SC, or 0® 37') the difference betwemi 
the true and mean geocentric motions in the interval between 
the second and third eclipse; therefore, also, Zmed (=2® 47') 
is the difierence between the tnie and mean movements in the 
interval between tlie first and third eclipse. Therefore, c or A 
representing the mean place of tlie moon, in longitude, at the 
times of all tlie three eclipses, il have tlie angles M E c, b e c 
and DEC for tlie unknown prostapl^ ^ses or equations of the 
moon's centre at those times respectively. 

Draw CB, c M, c D ; then, because the arcs B m, M D and B d 
are the measures of the angles bcm, mod and bob, these 
angles are known, and, assuming the radius of the epicycle to 
be equal to unity, we may compute, by plane trigonometiy, the 
lehords b m, M d, b b ; with these and the angles b £ b, m e b, we 
can also find the lines b £, d e and M £, and the angle E m c ; 
hence, in the isosceles triangle M c g can find m g and the 
perpendicular c h, by which means H E becomes known ; and, in 
the triangle c h e, we have data sufficient to find c e ; conse- 
quently P E becomes known ; and, by employing the trigonome- 
trical theorems now generally in use, we have G£= 11.501, 
when c p= 1. Again, by the equality of the rectangles a E x ep 
and B E X E F, we may obtain the value of B F ; whence, in tlie 
triangle B c f, w© shall find the angle b c f to be ' equal to 
151® 5'; and from the triangle B c E, the angle B E c or the equa- 
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centre, equal to 0^ SB' 10'", and the angle B c A, iHiich 
i» 'ihe supplement of b c £, equal to 12^ 24' 6"; this is the an* 
gialar distance of the moon from the apogcum of the epicycle, 
at the time of the second eclipse, and corresponds to the 
anomaly in modem astronomy ; and in like manner the equa- 
tions of the centre and the distance irom apogeo at the times of 
• the other two eclipses might have been found. If E n be drawn, 
touching the epicycle in n, we shall have, in the triangle c^n e, 
data sufficient to obtain the angle gen, the maximum equation 
of the moon’s centre, and this will be found to be 4° 59' 2": it 
has been said, above, that at the time of the second eclipse, the 
mean longitude of the sun was 11* 14° 45'; by taking away six 
signs, we have 5* 14° 45' for the mean longitude of the moon ; 
and subtracting from this the prostapheresis, 0° 59' 10", we have 
5* 13° 45' 50" for the true longitude of the moon at the same 
time : again, subtracting from this 12° 24' 6", the distance of tlio 
moon from apogeo, we have 5* 1° 21' 44" for the longitude of 
the latter point ; thus are obtained the several elements of the 
lunar orbit, and the values above found agree nearly with those 
determined by Hipparchus. 

The radius of the epicycle may, as we have said, be con- 
sidered equal to the eccentricity of the moon’s orbit, in the 
oilier hypothesis, and we have just discovered that its proportion 
to the mean distance of the moon from the earth is as 1 to 
11.501, or as 0.0869 to 1: in the modem astronomy the eccen- 
tricity of the moon’s orbit is to her mean distance as 0.0625 to 1. 

' The maximum equation of the centre, above determined, is not 
to be considered as constant, that value, having been compute^ 
from tlie data afforded by an eclipse, holds good only when the 
moon is in syzygy ; in other circumstances the equation will be 
different, but it is probable that this was not suspected in the 
days of Hipparchus, and that we are indebted, -for the first in- 
formation of the fact, to Ptolemy who discovered it by investi- 
gating the elements of the lunar orbit at the time the moon was 
in quadrature, as will be hereafter explained. 

In continuing his investigation of the moon’s orbit according 
to the method followed by Hipparchus, Ptolemy proceeds to 
shew how the places of the nodes were found : for which 



piiip<!he he compares the i^bnd of ^ 
above mentioned^ which took place In the year 719 
Christ, with another observed also at Babylon jii fhe year 901 
B r^ore Christ ; in both of the eclipses the extent of the shadow 
was three digits, on the moon’s southern limb, that her centre 
must have been equally elevated above the plane of the ecliptic 
towards the north ; in both eclipses, also, the moon was near 
tiie apogeum but, at the first, she was near the ascending, and 
at the other near the descending node. The interval between 
the two eclipses was ?18 years, 309 days, 23^ hours, or 
79879.96 days, in which are included 2935.4446 revolutions of 
the moon from one node to the same; the excess above 2935 
complete revolutions is equal to 160^ 4', and this is the distance 
in mean longitude between the places of the moon at the times 
of tlic two eclipses. But the equation of the centre at the time 
of tlie first eclipse was 4-59' and at the second, -f 13'; the dif- 
ference between these, added to the mean distance, gives 160® 
50' for the true distances between the two places of the moon; 
and, since she was at equal distances from the opposite nodes, 
it follows that half the supplement, that is 9® 35', is the distance 
of the moon from the node ; or the moon’s longitude at the time of 
the first of these eclipses exceeded that of her ascending node by 
that quantity ; hence, tlie former being known, as we have said, to 
be 5® 13° 46', the longitude of the node must have been 5® 4° 11'. 

The inclination of the moon’s orbit to the plane of the ecliptic 
might have been found as we before mentioned by direct obser- 
vation, at a time when the moon was at ninety degrees from the 
place of her node; but Ptolemy, or Hipparchus, appears to have 
attempted to determine this element by means of pfirtid lunar 
eclipses; selecting for the purpose such as occurred when the 
luminary was nearly at her mean distance fi^om the earth, because 
then, her true horary motions in longitude and latitude are nearly 
equal to her corresponding mean motions ; for, supposing the 
seniidiametcr of the moon and that of the earth’s shadow, in the 
region of the moon to be known, the sum of these, after de- 
ducting the extent of the obscured portion of the moon, gives 
her latitude, nearly, at the time of the eclipse ; then, the pro^ 
portion of the horary motion in latitude to that in lotiptade 
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1:^ skmlar txisnglas the idoon’e distwoce fym her UcHie.; 
fiom which, and the latitude thus found, the ang^ at the moon 
bdng a right angle, the reqtdxed inclination may be obtained* 

It had been attempted, as we have said, to obtsdn themeasme 
of the imgulor diameters of the sun and moon, directly, by an 
instrument ; but this appearing not suiBciently delicate to shew 
the variatianB of the moon^s apparent diameter when in dif- 
ferent parts of her orbit, Ptolemy, or Hipparchus, being con- 
scious that such variations existed because of her different 
distances from the earth, had recourse, for this element also, to 
the data furnished by the registers of eclipses* For this purpose 
two eclipses of ^the moon were selected when she was nearly in 
apogeo ; in one of the eclipses the obscure part was equal to 
one quarter of a diameter on the southern limb, and, in the 
odier, it was equal to half a diameter on the northern limb ; 
the <hstances of the moon from the node at the times of the 
eclipses, and the inclination of her orbit were known; hence 
the latitudes could be computed, and the difference between 
them was found equal to 7' 60" w hich was, of course equal to 
the difierence of the magnitudes of the obscure parts, and the 
latter difference being equal to a quarter of a diameter, we 
.have 4 x (7' 50' ), or 31^ 20" for the diameter of the moon when 
in apogeo. In a similar way the diameter w^as found when she 
was in perigoo and, also, when at her mean distance from the 
earth; and, in the latter situation, it was made equal to 33' 30". 
The angle subtended at the earth by the diameter of the cone 
of shadow in the region of the moon was easily determined by 
the last of the above-mentioned eclipses ; for half the disc of the 
moon being obscured, her centre must have been on the circum- 
ference of the section of the shadow ; and, as the centre of this 
is supposed to be in the plane of the ecliptic, the semidiameter 
of the shadow was then equal to the latitude of the moon, 
vriiich, beiiig computed, was found equal to 40' 40"; this is, 
therefore, the angle subtended by the half breadth of the sba^ 
dow when the moon is in apogeo ; and in the same manner 
41' 22" was found to be the angle subtended when the moon 
was at her mean distance from the earth. 

As soon as it was known that the magnitude of the earth 
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hGm^&mU fdbtioB to it$ <Mc^ce ftoM wmtm mA 
xDutt l^v6 been perceired that the placea of these bonifies m fiia 
heavens would be difiSsrent according as the point of eight was 
supposed to be at the centre, or on the wr&oe o£ the earth ; 
and if the first was consideTed as the true |dace, it would be 
found necessary to correct the observed place on account of the 
pamlUuVj which was the denotninaiion applied to this pause of 
error* It is not likely that the parallaxes of the moon and sun 
should have been unknown even in the days of ArisUerchus, but 
the first information we have received of them is derived fiom 
the works of Ptolemy, from which we leam not only that Hip- 
parchus was aware of the nature of this element, but, also, that 
ha was in possession of rules for computing the efiects of the 
lunar parallaxes in longitude and latitude ; the former astrono- 
mer, however, in his investigations for determining the lunar 
orbit % employs some observations on the moon which had been 
made by Hipparchus, at Rhodes, and in which the luminary 
was without parallax in longitude, her apparent place being ex- 
actly in the nonagesimal degree ; that is, in the plane of a great 
circle passing through the poles of the horizon and ecliptic; it 
is probable, therefore, that Hipparchus had purposely chosen 
the times, when the moon was so situated in order to render his 
determinations independent of that element of whose just value 
he might reasonably entertain some doubt* 

The distance of the moon from the earth being found, as we 
have before said, (Chap. X.,) to be equal to about sixty semi- 
diameters of the latter, and the distance of the sun firom the 
earth, according to the determination of Aristarchus, being 
about nineteen times the distance of the moon, it might be 
found, by a graphical construction or otherwise, that the hori- 
zontal parallax of the moon is about 57 minutes and that 
of the sun about 3 minutes, and these are the valu^ wMeh 
Hipparchus appears to have employed in his calculations; the 
first does not differ much from the tnith, but the c^er, fi^om 
the error in the distance of the sun, is about twenty times as 
great as it ought to be. 

The effect of the moon^s parallax may have been sensible to 
^ Alnta^t, Lit. V. 
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tbeandeBts fajadisagiiEiitieiitintheobser?^ 
fertoces of latitude or declinatiou/of ike mom and a star ; 
or by observing that the distance of the moon from a eertaiii 
star, when both were together on the meridian, appeared Af- 
ferent if seen from two places not having the same latitude ; 
or, finally, by observing that, from two places so situated, a 
partial eclipse of the sun, on the northern or southern limb, 
Ad not appear to be of equal magnitudes ; and Ptolemy says* 
that from observations of this kind, by assuming for the pa- 
rallax of the sun certain small quantities, Hipparchus attempted 
to find that of the moon; but this method docs not appear likely 
to have afforded any more correct result than that obtained from 
the magnitude of the earth and its distance from the moon. 

The follovring examples may serve to shew in what manner 
the motions of the planets were explained by the theory of a 
simple epicycle, which we suppose to have been adopted in the 
time of Hipparchus, though the description is taken from the 
works of Ptolemy, 'fhe time of a planet’s opposition to the sun 
has always been considered as tlie most eligible for making the 
observations by which its place is to be ascertained ; because 
the planet, earth and sun being, then, in one line, the longitude 
of the first differs from that of the last by exactly 180 degrees ; 
and the situation of tlie sun with respect to the equinoctial 
points being known by direct observation, or obtained from its 
mean place by equations which could early boast of consider- 
able accuracy, the corresponding place of the planet became, con- 
sequently, known with greater certainty than when in any other 
part of its orbit. This was an advantage, however, which the 
superior planets alone afforded; Venus and Merciuy never come 
in opposition to tlie sun, and when in conjunction with him 
they are invisible ; hence Uie ancient astronomers were reduced 
to the necessity of making their observations on these planets 
at the times of their gi'eatest elongations from the sun, which 
are less easily determined than the time of the opposition of a 
superior planet. 

Now, from the registers of observed oppositions of the supe- 
rior planets, Ptolemy, or rather Hipparchus, found that, in 
* Almagest, Lib. V. cap. 11. 













09.OQ^j^|to^ffial years, %tam hadi^tipriiN^ 
tli«t*i8P>M had made '57 complete rem:)lu^i^'iaJi^.«F»e^^ 
the|p Imi been 57 restitotiims of apomajy aa it then ^^alied; 

th{|^i|^70.9866 tropical ye^Jupiter had come 95taneSf and timt 
^ in 79.0097 tropical years Mars hadeoime 87 tinmsto oppositioai 
Therefore, in order to exhibit these phenomena and deduce Ihora 
thence the values of the mean movements of the superior planets^ 
agreeably to the description of Ptolemy, let E (Plate II. dg. 2.) 
be the earth, S s S' the orbit of the sun, amp the planet's de< 
fercnt circle and V T V' its epicycle. Let it be, at first, supposed 
that the planet is at in the perigeum of the epicycle at the 
time of opposition, when the sun is at S', and that it revolves on 
that circle in the direction V' V t; then, between the time of that 
opposition and the next, Uie centre of the epicycle will have 
raoved from m, suppose to M', tlie planet will move to v', and 
the sun will describe one* complete revolution together wdth the 
arc S' s', which is the measure of the angle mem'; but the in- 
terval between two oppositions, and it may be added, of two 
conjunctions, being considered as one revolution of the pWet 
in its epicycle, it follows that such a revolution, (supposed to 
be through SOO degrees,) is performed in the time tliat the sun 
takes to describe 300 degrees together with the number of de- 
grees in the angle mem'; and consequently, that the mean mo- 
tion of the phuiet in its epicycle with respect to the sun, or, as 
it is called, tlie mean relative motion, is equal to the difference 
between the mean motion of the sun and that of the planet, in 
longitude. Therefore, that the planet may accomplish any num- 
ber of entire revolutions in the epicycle, the sun must make as 
many tropical revolutions about the earth together with as many 
limes the arc S' s' : now, with respect to the planet Saturn, the 
period of 59.0048 years, within which time 57 complete revolu- 
tions inlhe epicycle were performed, may be considered as made 
up of 57 + 2.0048 tropical revolutions of the sun ; but 2.Q048 re- 
volutions on the circumference of a circle are equal to 731,746 
degrees, which are those described by M, the centre of the ^i- 
. cycle, in 59.0048 years : hence the perifRiical time of a mean 
revolution of Saturn in his oxbit about the earth was, by tfai^ 
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«X)^eat% found to be l||||l>$ jeaxft, To find tbeme^a^diuiffi^i^ 
tion of Satunii^m bis epicycle, divHe 30520 degi?ees (:^S7cir^s) 
by 21551.5 days(=50*0048 yefusband thequotient, 0^.95214,^^ 
be the moyement required ; 731.7ifi ^egrees divided by 
days give 0^.033486 for the planet^s mean daily motion in Ion-* ^ 
gitude ; and these two movements are equal to the mean daily 
moticm of the sun about the earth : lastly^ dividing 31551.5 days 
by 57, we have 378.09 days for the time of one mean periodic 
cal revolution of Saturn in his epicycle, or the interval between 
two oppositions* In like manner the periodical times and the 
mean movements of the other superior planets were found. 

In determining the times and movements of the inferior planets 
Hipparchus considers that, as the centre of the epicycle de- 
scribed by each is always in a line drawn from the earth to the 
mean place of the sun, the mean movement of the planet in lon- 
gitude, or the motion of the centre of the epicycle is equal to 
the mean motion of the sun ; that is, to 0^.98563 daily : but, 
for the movement in the epicycle, he found, as is related by 
Ptolemy, that the anomalies of Venus were restored five 
times exactly, in 2919.75 days, and those of Mercury, 145 
times in 16802.53 days ; that is, the planets returned so many 
times to their greatest elongations firom the sun, on the same 
side of that luminary, in those periods respectively ; and, di- 
viding the periods by the number of restitutions, he obtained 
583.95 days and 115.875 days respectively for the periodical re- 
vdutions of Venus and Mercury in their epicycles in the inter- 
val between two such elongations ; or, which was then consi- 
dered the same thing, the interval between two consecutive in- 
ferior, or superior, conjunctions with the sun; then, dividing 
360 degrees by tlie number of days in each of those periodical 
revolutions, we have, with respect to the sun, the mean daily 
motions of the planets in their epicycles ; which are, for Venus, 
0.61649 degrees and, for Mercury, 3.10667 degrees. But the 
return of an inferior planet two successive times to the poi^it of 
mavimurn elongation on the same side, or to the point of like 
ccmjtmction, is acepdpished in a period equal to that of its re- . 
volution upon the circumference of the epicycle, together with 



subtendaxig an angle equal to that the iii th^' 

md period; for let s (Plate II. fig. 4.) he the eao^; 
scribed about e as a centre, be part of the aun^e oririt, ^d 4 ^ P 
be the orbit of the centre of the epicycle V T ; also, let V' t>6 
the place of the planet at its infmor eoigunction ; then, while 
tlie planet has moved on the circumference of the -epficycle in re- 
trograde order firom V' to v', the point of next inferior conjunc- 
tion, the point S" has moved to s'', having described the arc S^'s^ 
simply, if the planet be Mercury, and the arc S" s" together with 
a complete circumference, if the planet be Venus ; in conse- 
quence of which, by drawing the line a M' b parallel to V M V', 
it is evident that V must have described one circumference of 
the epicycle together with the arc b v', which is the measure of 
the angle b M' v', or of its equal S" E s". Now multiplying the 
number of days in the periodical revolutions above found, which 
are also the times of describing the arc S"s", by the daily 
movement of the sun, we have the value of the angle S" e b '% or 
b M' v' ; and to this adding 360 degrees, we obtain the angular 
movements of the planets, in their epicycles, in the times of 
those revolutions; consequently, by proportion, we get the mean 
times of the revolutions through the exact circumferences of the 
epicycles ; which are, for Venus 224.71 days, and for Mercury 
87.968 days ; and, again, di^nding 360 degrees by these times, 
the results will be 1.6021 degrees and 4.0923 degrees, the mean 
daily movements in the epicycles ; these last are evidently equal 
to the sum of those above, and of the mean daily movement of 
the sun ; and the periodical times just foimd agree almosf^xactly 
with those assigned to the ridereal reirolutions of Venus and 
Mercury by the modem astronomers. The following table ex- 
hibits the periodical times and the mean movements of all the 
planets according to the theory of Hipparchus, but deduced, 
probably, by Ptolemy himself ; for the latter observes • that 
Hipparchus confined his investigations chiefly to the theories of 
the sun and moon ; not having had so many good observarions 
on the planets left to him by the ancients as he left to those 
were to follow him. 

* Almagest, Lib. IX. cap. 2. 
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Saturn . 
Jupiter 
Mars'. . 
Sun • . < 
Venus • 
Mercury 


or of the centre of m w vpi 

theepfaycle. 


Meen dMly motion Mesa dUly motion 
In lon^tade. in the eple^de. 


. . 211*93 yean . . . 370*11^ days . . . 0^*03340 .... 0^-35214 

. . 11*86 338*89 . 0 *08313 .... 0 *00260 

. . 1*88 779*68 . ..... 0 *52424 .... 0 *46173 


1 * 


0*98563 


. I* 583*95 0 *98563 .... 0 *61649 

. 1* 115*875 0 *96563 .... 3 *10667 


Hif^archus was bom at Nicsa, in Bithynia, but both Ptolemy 
and Theon relate that he made many celestial obserrations at 
Rhodes, and it is probable that his principal works were com- 
posed at that place. Besides the invention or improvement of 
trigonometry and the computation of tables for the purpose 
of facilitating its ap|dication in astronomical enquiries, he 
must have spent many years in making obsen^ations : his la- 
bours in deducing from them and from those of his predecessors 
the principal elements of the solar, lunar and, perhaps, of the 
planetary orbits must also have been immense, and we must’ 
add to these important objects the formation of his catalogue of 
1080 stars ; from all which we shall be justihed in concluding 
that this distinguished pliilosopher was qualiOed to lank with 
the most celebrated of modem Europe. He died about the 
year 125 Before Christ. 

Little seems to have been done in astronomy between the 
times of Hipparchus and Ptolemy ; for we can hardly consider 
that the science gained any thing by the works of Hypsicles, 
Theodosius, Menelaus and the first Theon, who lived in that 
interval, since these are, apparently, only compilations intended 
for elementary instruction, and scarcely contain any subject 
which admits of application to xH*actice. We proceed, therefore, 
to give some account of the works of Ptolemy, to whom the 
Science is indebted fi>r many considerable improvements. 
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CHAPTER Xn. 

niPBOYEMENTS INTBODUCED BY PTOI.EMT. 

Instnunenti inviented by Ftoleniy> — Sun dial* and depsydn employdd for 
meamiring time:— Ptolemy’s deten&inetioii of the preoession. — His eatalogae 
of stars* — His arguments for the rotundity and immobility of the eardi.— 
The obliquity of the ecliptic.— The length o£ the tropical year. — The jduiet* 
ary orbits represented by eccentric deferents and ^icycle8d--^The solar 
orbit aocordin^to Ptolemy the same as that of Hippardius. — Fonnation of 
a table of the equation of time. — ^Elements of the lunar orbit at the epoch of 
Nabonassar.— Discovery of the second inequality of the moon'b motion. — 
Investigation of its value.— The diameters of the homocentrio and eccentric 
circles, and of the epicycle. — The moon’s parallax, and distance from the 
earth. — Ptdemy’s lunar theory erroneous. 

The researches of Ptolemy, which are, chiefly, contained in the 
Megale Syntaxis or, as it was subsequently called, the Alma* 
gest, relate to tlie positions of the fixed stars, the length of the 
year, and the elements of the orbits of the sun, moon and 
planets; so that this work constitutes a general treatise on as* 
tronomy, and it is the more interesting to us as it remained the 
text-book of the schools both in the East and in Europe till the 
great revolution in the science took place by the pronnilgatiaii of 
;the system of Copernicus. 

^ The instruments of observation used by Ptolemy or his con- 
temporaries appear to have been of three diflerent hinds : he de- 
scribes one with which he measured, or proposed to measure, 
the zenith distance of the suu and the obliquity of Uic ecliptic, 
and which seems to have difiered little from the meridional 
armillae of Eratosthenes ; it consisted of two rings, one move- 
able upon the interior circumference of the other, in the same 
plane, which was that of the meridian ; the exterior mrcle was 
graduated in degrees with as many subdivisions as each degree 
would contain and the other carried two small gnomons, at the 
extremities of a diameter, which served to form the line of sight ; 
the whole instrument was fixed on a pedestal and its verticity 
was asccniained by a plumb-line suspended from theltop. 
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kttiy, ako, describes quadrasit which he says may be made of 
wood or stone and with a moveable alidade Carrying sights ; 
fihe the meridional armilla it is smd to have been intended to 
measure zenith distances 4>iit) probably, its radius was made 
much larger than that of the last mentioned instrument in order 
to afford more accurate or more minute subdivisions ; and it is 
evident that , these two instruments m'ust have served pre- 
cisely for the same purposes as our present mural circles and 
quadrants. 

But it seems that neither of these instruments gave riie zenith 
distances of celestial bodies with the degree of coiyectness which 
was then thought necessary, and Ptolemy invented another* 
which the second Theon afterwards designated the parallactic 
rods : this consisted of a pillar placed vertically on a foot, at 
the upper extremity was a joint on which turned a long alidade 
carrying the two sights, and these were circular apertures pierced 
in two plates, probably of metal ; one of the apertures was .recom- 
mended to be very small, and the other, rather larger than the 
visible diameter of the moon in perigeo, evidently, in order 
that, the whole disc of the sun or moon being visible within it, 
tiie position of the line of collimation might be nearly free from 
error: the alidade was kept in its position, when directed to the 
’ celestial body, by a tiiird rod which, also, turned upon a joint 
in some part of the vertical rod and was graduated so as to 
diew the angle between the latter and the alidade ; that is, the 
zenith distance required : as the graduated rod could not have 
been v^ extensive, we may'consider that this instrument an- 
swered, in some measure, the purpose of one of our zenith 
sectors. 

Another important instrument which was used by Ptolemy, 
and, probably also, by Hipparchus, was an astrolabe for taking 
Ihe distsmees in longitude between the sun and moon, or be- 
tween the moon and a star. It consisted of two rings fixed at 
right angles to each other, one in the plane of the ecliptic and 
the other in that of the solstitial colure ; to these were added 
two other rings whose planes turned about the axis of the echp- 
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tie exnde bo as 4o farm, taro morea^ elMiw of .oeieatial lflngK> 
tnde, anti in tiw intmor al one tiaese was metiim 
oajMl^. of tumbog in the same plane as that to whidi it anis 
applied ; this earned two sights duon^rically oj^posite to eacdi 
other, which being directed to a celestial body, the arc the 
exterior cizcle intercepted between the eelqitic and either of the 
sights gave, by the graebations on that dnde; the li^nde of the 
body. In mahing an observation tor longitude^ one of the 
moveable circles was directed to the son or moon, having been 
first fixed to that degree of the ecUptic circle which, expressed 
the known, or previously computed longitude of the luminaiy, 
by which means the zero of the graduations on the ecliptic circle 
was made to correspond with the place of the temal equinox in 
the heavens ; then the other moveable circle of longitude was di* 
rected to (he second celestial body, whether the moon, a planet or 
a fixed star, and the arc of the graduated ecliptic circle between 
the zero and the moveable circle gave, by inspection, the loggL- 
iude of this second body. It appears that, on the circumforence 
of the solstitial ring, were fixed pins in two diametrically oppo- 
site points, representing the poles of the earth, and that the 
whole macluue revolved about the axis passing through these 
points, which was placed so as to be parallel to that of the 
earth. From the nature of the fractions of degrees set down by 
Ptolemy, in stating some longitudes of the sun and moon taken 
by this astrolabe, it appears that the ecliptic ring was graduated 
into thirds and, perhaps, into sixths of degrees, but nothing in- 
dicates greater minuteness of subdivision. A dioptra is mo- 
tioned by Ptolemy as an instrument used in making observa- 
tions, but it is probable that it merely signified a tube to nmdar 
vision more distinct by permitting only those rays of lig^ to 
enter the eye which come directly from the celestial body } and 
it may, for purpose, have been attached to the alidades of 
smne of the anuillse or of the parallactic rods, 

Inhere is reason to believe that, in making astronomical ob- 
servations, the ancients used to contemplate the heaveiM parti- 
cularly in the direction of the median; rince we find in theiir 
works made to the practice of descen^g into the 

earth, in order that th^ might have a view of the stars, and tins 
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ttxM only have been obtained when the latter were opposite 
the entrance of the excavation: but tfa^e is no position^ except 
that of the meridian, in which observations could be constantly 
made, and we, therefore, feel justified in concluding that these 
were really made in that plane. Strabo relates that, in liis 
time, there were shewn, in the prefecture called litopoUtana, 
near Heliopolis, certain caves which had been used for observ- 
ing the motions of the celestial bodies ; and he remarks that 
similar caves were in existence near Cnidus in Asia, Such 
excavations, if sufficiently deep, would permit the planetd and 
principal fixed stars to be seen in the day-time ; and, if made 
in tiie plane of the meridian, would be well ada])tcd for wit- 
nessing their transits over that plane ; and, consequently, for 
ascertaining immediately, with instruments, their right ascen- 
sions and declinations. Various methods were adopted by the 
ancients to diminish the brilliancy of the sun’s light when ob- 
servations were made on that luminary : Aristotle states** that 
mirrors were used in his time, and it is probable that these were 
polished plates of some dark stone : Ptolemy informs us that 
vessels of oil or some thick liquor were employed for viewing 
eclipses of the sun, and Seneca^ mentions the use of a smoked 
glass for a like j)urpose. 

The knowledge of the hour at which any phenomenon oc- 
curred, or any observation w'as made^ is of the utmost import- 
ance in astronomy ; and, therefore, it will be proper to add to 
the above description of the ancient instruments for measuring 
angles some accounts of the first inventions for ascertaining the 
divisions of the day and night. We have mentioned in the third 
chapter, that the gnomon might have been, from the earliest 
times, employed as a sun-dial, and Vitnivius relates** that in- 
struments had been constructed by Eudoxus, Aristarchus and 
others, for exhibiting the hour of the day; of these, the sca- 
phium, or boat, and the discus, both of which are said to have 
been invented by Aristarchus, appear to be the most simple; the 
first, which was in the form of a hemispherical cup> was pro- 
bably placed so that its rim lay in a horizontal position, and 

* Geogr. Lib. XVII. ^ MeteoroL Lib. I. * Nat. Qumt. Lib; I. 

^ De Architectura, Lib. IX. capg^d. 
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the ol^ect wljich cast the shadow mght be a 
fonning a diameter to the instrutiient md placed in the dheo- 
tion of the meridian ; tben^tflb concave surface being dividadintb 
twelve equal parts, by semicircles having the bar for a commson 
diameter, the shadow of this would, at all seasons of the year, 
^vide the day, between sunrise and sunset, into twelve equal 
parts, or, as they were then called, temporaiy hours, which, for 
civil purposes, seem to have been generally used among the 
ancients, though attended with this inconvenience that, in dif- 
ferent seasons, the hours are of diiferent lengths. The discus 
may have been an equatorial or horizontal dial in the form of a 
circular plate, as its name implies. 

But Vitruvius informs us* that a certain Berosus had in- 
vented, or introduced into Greece, a dial, which he described as 
a semicircle cut from a square and inclined according to the 
climate : ‘‘ Hemicycliutn excavatum ex quadrate^ ad enclima- 
que mccisum ” ; and it is probable that the dial discovered by 
Stuart on the south side of the Acropolis at Atliens is of this 
kind. From the ac<?ount given of it in the second volume of 
Uie Antiquities of Athens, it appears to be a block of stone so 
excavated as to have llie appearance of one end of a boat cut 
asunder transversely; the upper surface of the stone is hori- 
zontal, but the front is cut in a plane which probably was in- 
tended tofoe parallel to that of the equator, and this seems to 
be what is meant by the expression ad enclima^ in Vitruvius ; 
but, if the measures given by Stuart are correct, its declina- 
tion from a vertical line is only 36° 37', which indicates a 
latitude about degree souUiward of Athens : the concave 
surface of the excavation, which is not, indeed, spherical, but 
in the form of a portion of an hyperboloid, is divided into 
twelve equal portions by the hour lines ; these diverge from 
the vertex of the concavity and cut the section of its super- 
ficies, made by the inclined face of the stone, in as many 
equal parts. The object which cast the shadow is supposed to 
have been a horizontal bar coinciding, in position, with the 
axis of the hyperboloid, in whidi caae^ as in the scaphium, by 
the arrival of the shadow at the different hour lines, the day, 

* In loc. dt. 
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between sunrise and sunset would,, in aU seasonSy be dwided 
kito twelve equal parts. Upon tbe concave sur&oe are also 
^wn two curves in planes parfilM to tbe equator, wMch 
Stuart supposes to represent tbe paths of the idiadows cast by 
the extremity of the bar on the days of the equinoxes and of 
the winter solstice, the extremity of the excavation, on tl^ 
front of the instrument, representing the path on the day of 
the summer solstice. 

Dials of this kind seem to have been very generally used by 
the ancients ; Cicero, in a letter to a friend, proposes to send one 
to his villa, and, in 1746, such a dial was discovered in the ruins 
at Tivoli which are supposed to be those of his Tusculan seat ; 
several others have been since found in Italy, and, in 1762, one 
was* obtained from the ruins of Pompeii similar to that above 
described but wanting the tropical curves, or those which 
represent the paths of the shadow on the days of the equinoxes 
and solstices ; its concavity is not spherical and the hour lines 
are not equally distant from each other, but Newton, the com- 
mentator on Vitruvius, ascertained by trial that the planes in 
which they Unmake equal angles with each other; and, conse* 
quently, that the divisions of the day^ were equal, as well in 
this dial as in the others : the &ce of tlie dial declines from the 
plane of the prime vertical about 81 degrees, which is tlie position 
of the equator near Alexandria in Egypt, and it is poisible that 
it may have been brought from that country to Home. 

The most interesting example of the ancient practical gno- 
. monies is exhibited in the dials on the faces of the Tower of 
the Winds or, as it is called by Varro, the Tower of the Clod^, 
at Athens, of which a description is given, in the first volume 
of the Antiquities of that city, by Stuart. This e<hfice is be- 
lieved to be at least as old as the time of Alexander, and seems 
to have been expressly made to contain a clepsydra, or clock 
for shewing the hours by tibe flowing of water through an ori^ 
fice; it is of an octangular form, the frtces are opposed to the four 
cardinal, and the four intennediate points of the horizon, and, tm 
each fiace are the hour Hues proper for a vertical sun-dial having 
that particular aspect These may not be of the same antiquity .as 
the tower itself, and the rilenee of Vitruvius concerning them is 



in.] . ,.jw.-rwiMaWi . v 

- # 

aa argument in &Tout of fbe opinion were 

aince his time; but this is nol conclasive, and it is obserred bj 
Ddambre* that there is siilfiing in their construetion wUeh may 
not be referred Ho tbe age of Hipparchus. The gnomons of 
all the dials are wanting, but there remain the holes by which 
l^y were attcu^bed to the walls. From , the measurements 
given by Stuart, Delambre has, by computation, verified &e 
construction of the five principal dials; he finds tMt the 
lines represent the temporary hours, or the equal division of 
the day from sunrise to sunset, and that they are traced 
with remarkable correctness ; but those on the north-east face 
are the least so, in whiqh he considers the artist excusable 
because a small error in the graphical operation would, in 
a dial so situated, sensibly derange the positions of the hour 
lines. From the constiuction of the east dial, the latitude of 
the place appears to have been assumed to be 37^ 30'; but 
modem observations make that of Athens equal to 37^ 58', 
and it is probable that great accuracy in this elem&t was 
not attempted by the artist. ^ 

Instruments for measuring lime by the motion of the sun must 
of course have been useless by night, or under a cloudy sky ; 
and it, consequently, then became necessary to obtain the hour 
by means of a clepsydra ; according to Vitmvius this was in- 
vented by Ctesibius of Alexandria ; and, firom his description, 
it is evident that such machmes were, also, made- to divide the 
day betw€M^n sunridse and sun-set in twelve equal parts, ingenious 
contrivances seeming to have been used to enlarge or diniiiii»h 
the aperture in proportion to the decrease or augmentation of 
the lengths of the natural days. But this mode of division, by 
which tlie hours of the day or night were made of lengths whidi 
. .Jied according to the variations of the seasons was attended 
with great inconvenience to the practical astronomer, andPtol^y, 
or rather Hipparchus, introduced the use of the constant, or as 
they were called, equatorial houi's which divide the period be- 
tween two arrivals of the sun at the mericHan into twenty-four 
equal parts, and are very nearly of the same length in all seasons ; 
and, though no mention is made d them, there can be no. doijht 
* Histcha de rAstroiiaiiiie, Tom. IL page 488. ^ la 
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tliat bofli Biin-^dials and water»clocks^ exhibiting tibia (bviiioii of 
the day, were constructed in their times, in order to aro^d the 
trouble of reducing one of these Idndilbf hour to the othet« 

The notices given by Ptolemy concerning the fixed stars are 
contained in tlie seventh book of the Syntaxis or Almagest,' and 
the most important among them is that relating to the te^ 
trogradation of the equinoctial points, which he determines fiom 
a compai-ison of the longitudes of two of the stars, observed by 
himself, with those of the stars observed by Hipparchus. He 
states that in the second year of Antoninus, (137 after Christ) 
the sun being at the point of setting and the moon visible, he 
found her longitude by the astrolabe, in the manner above de- 
scribed, to be 2* 5° 11' ; half an hour afterwards, the sun being 
set and tlie star Regulus becoming visible eastward of the moon, 
the difference of longitude between them was tlien foimd to be 
1* 27® 15' ; but the increase of the moon’s longitude in the half 
hour being computed at 15 minutes, and the moon’s parallax in 
longitude being found by computation to be equal to 5 minutes 
by which her longitude was diminished; it follows that the 
true longitude of the moon at this time must have been 2* 5® 21', 
and adding this to the difference in longitude, of the moon and 
star, above found, we have 4* 2® 36' for the longitude of Regulus. 
But Ptolemy states that, in the fiftieth year of the third Calippic 
period, that is 265 years before the time of his own observa- 
tion, Hipparchus had found the longitude of the same star to be 
3* 29® 50' ; consequently, in the interval, the equinootial points 
must have retrograded as much as 2® 46', which is equivalent to 
37^ seconds, or as Ptolemy makes it, 36 seconds, annually. 
Now we have seen that the observations of Hipparchus com- 
pared with those of Timocharis give, for the annual retrograda- 
tion, a quantity between 42 and 59 seconds ; and if the longi- 
tude assigned by Hipparchus to this star be compared with that 
which, according to the Greenwich Catalogue, it had in 1820, 
that is 4* 27® 19' 41" ; it will appear that the increase of the 
star’s longitude, in the 1948 years which had elapsed fiy>m the 
date of the observation of Hipparchus, amounts to 27® 29' 41" ; 
consequently the annual procession of the star would be 50".8.; 
nearly Uie same value is obtained from the observation made by 
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tbe star «in€aa^6 Ha|c^l liaMi 

ol gTfiTka^oii and the deductions made from mate acctmde 
obsemtions of modem iJiies coincide in indicalmg 
the mean annioal value of the precessloii. 

Ptolemy asserts that he had determined) in the same manimr, 

' the loif^tude of Spica Virginis and had obtained from thence 
the same value (36 seconds) of the precession ; and diis efr 
roneous value he employs in all the calculation^ involving 
element Having fixed the positions of these stars with resect 
to the equinox by their distances from the sun^ as above described, 
Ptolemy obtained the differences of longitude between these 
and others, and their latitudes, by direct observations with his 
astrolabe ; thus he formed that catalogue which he hs^ consigned 
to posterity, and which has been of so much service to astrono- 
mers by enabling them to detect the changes which have, lunce 
his days, taken place in the positions of the stars called fixed. 
Ibe epoch he has chosen fqr his catalogue is the beginning of 
the reign of Antoninus, which corresponds to the year 135 of 
the Christian era, and to that he has reduced the longitudes and 
latitudes w^hich he obtained firom his observations. But, on 
comparing the longitudes he assigns to the stars with those in 
tlie catalogue of Hipparchus, it appears that the differences be- 
tween them are such as would result firom merely augmmitmg 
the latter by the amount of the precession in the interval of 
time elapsed between the epochs of the catalogues, at the annual 
rate of 36, seconds ; now this is unfortunately incorrect and the 
uniformity of the differences has ^ ";jpn rise to a^suspicion that 
PtoJ^ydidnot, actually, make any c %rvations on the fixed stars, 
but merely copied tlieir places from thJ works of the more ancient 
astronomer, adding to the longitude of each star the change 
caused by tbe retrogradation of the equinoxes in the interval. 
This p^npicion appears to be, however, unfounded, and La Place, 
jon the su^nosition that the longitudCo u^o^gned to the stars 
Hippaich^* «xe correct, observes that it will be possible, tmm. 
the erroneous determination oi the length of the year, m^e 
both by Hipparchus and^l^tolemy, to account for the error of ^ 
latter in the value of the precession •, for the length of the year 
b^ing too great by about 6 .rninutes, the daily motion of the aim 
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B<»t» according to the taMea) woolid he too amalUVI^ 
reaider the longitudes of stars, detemnned by Ptolemy ^iNim db- 
senration, also too small, seeing that th#y were ofHiamed by an 
instrament adjusted to the computed place of the sun ; thmefere 
the change in the longitudes of stars at a given interval ilbm tM' 
time of Hipparchus and, consequently, the annual pre^ssioti^^ 
would, necessarily, be less than it ought to be. Ptolemy ascribe 
the retrogradation of the equinoctial points to a movement in 
the eighth sphere and, in the Alms^est^, he informs us that, to 
represent this sphere, he had made a globe on the stirface of 
which he marked the stars with different colours according to 
their magnitudes, on a dark ground ; the ecliptic he says vskk 
traced upon it, and the graduations commenced from the circle of 
longitude passing through Sirius. This globe must baye been 
int^ded for popular use, and the manner of placing the zero 
of the longitudes seems to have had some relation loathe com- 
mencement of the agricultural year: in his catalogue of stars the 
longitudes arc reckoned from the vernal equinox. 

In speaking of the earth, Ptolemy repeats the arguments used 
long before his time to prove its form ; he infers its convexity 
from the fact that, when a ship recedes from a spectator on the 
shore, the top of the mast appears to descend till it gets below 
the circle bounding his view, and its sphericity is demonstrated 
from the magnitudes of the circles which the stars describe by 
their diuroal motion : he shews that these circles are different 
from those which would be observed if the earth had been a 
plane surface or a polyhedral body ; and he adds that the circle 
and sphere are the most proper figures for motion because they 
contain, respectively, the greatest area and solidity within a given 
perimeter and superficies. Ptolemy afterwards contends that the 
earth is at the centre of the universe, compared \fith which, he 
, says, it is but a point ; he denies ihe possibility of its having & 
movement of translation or rotation because, be obsarves, all the 
bodies on its surface would be thrown from it into spaced and 
it would follow, he thinks, that no cloud, bird or projected boc^ 
could advance towards the east because it would be left behind 
•Lib.Vin.Csp.8. 
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amcnii^ l^ aitbi^ fox it could haxdly hare i?«capdl 
tioii ship is sailing, even wilii the utmost Tajadiiy ^ 

^e^potion of any object thrown from &e haiid of a p^nson on 
hl^u^ la neilher retarded when in the same dhrection as that of 
motion, nor accelerated when in the con^miy dusectuiii ; 
^d the reason is that the original impulse is compounded of the 
projectile force and that resulting from the movement of the ship 
^ and, therefore, relatively to the ship, a projected body moves as 
if the ship were at rest : the composition and resolution 
^ paiotions may not have been understood in those days, but 
^ circumstance above related must have been knojvn, and 
it would be very natural to infer that the paths of bodies 
projected from the earth were, in like maimer, unaffected by Us 
motion, Ptolemy, moreover, alleges, in support of his opinion 
of the quiescence of the earth, that it would be contrary to na* 
turc for such a heavy body as the latter to be endowed with 
motion, and tlie celestial bodies be at rest ; though he grants 
that a movement of rotation in the earth would facilitate the ex- 
planation of many celestial phenomeOa, The same philosopher, 
or his commentator Theon, seems to admit the existence of Anti- 
podes for, in speaking of certain phenomena of '‘the heavens, the 
latter shews how’ they would be modified with regard to a people 
so situated. 

In the first book of the Almagest Ptolemy gives the result of 
his researches on tlie subject of the obliquity of the ecliptic to 
the equator of tiie earth, an element admitting of determination 
from the simplest obsen'ations which enter into the practice of 
s^tronomy ; and it appears that, like Eratosthenes, he ascertained 
the double, obliquity by taking the diff^ence between the ob- 
served zenith distances of the sun on the days of the sumn^ 
and winter so&tices : he makes this difference equal to some- 
tliing between 47|- degrees and 47| degrees, a mean of which is 
470 42' 30", differing scarcely 10 seconds from the quantity 
found by Eratosthenes ; though from what we now know of the 
progressive diminution of that obliquity, the difference, in the 
inte^al between the times of the two astronomers, should have 
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smXl a quautit^ would beincapal# df 
iaatrumeiits as Ptoleiapiy describes; ^ - 

quently, excusable^ but it is veiy temariWble tbat^/^^ 
cciminitted an error of about 15 minutes jn tiie zeui 
of the sun, on the occasion of detenmning the latitude 
andria^hich he mahes equal ibSO' 58"' nortbi whereas i^i 
Imown to be 31^ 13' ; and this city, being his place of observatidl^ 
should have had its geographical position detennined with the 
utmost possible accuracy because of the frequency with which ^ 
that element enters into his astronomical computations. The ^ 
greatness of the errcKr seems to justify the opinion that, wbateae( 
might be the merits of Ptoleniy as a discoverer and caleulaMfc 
he has small claim to that of an accurate observer ; indeed it m 
probable enough that he did not much attend to this part of the 
science and, even, that he frequently used without enquiry the 
results of observations which had been made by otlier personSi 
perhaps^ previously to his own time. 

'Ihe duration of the tropical year, or the inten^al between the 
times of the sun’s return to the same equinox or scdstice, is the * 
next element of importance in astronomy, and I’tolemy immedi- 
ately proceeds to ascertain it or, rather, to verify the detenhin- 
ations of Hipparchus with respect to it. llic method he pursues 
is die same as that employed by the latter astronomer, one of 
whose observ ations he makes use of for die purpose ; diis is the 
time of die anivaJ of the sun at the vernal equinox in the thirty- 
second year of die diird Calippic period, corresponding to the 
year 178 from the death of Alexander, or the year 145 before 
Christ, in die morning, (probably at sunrise) of the twenty-seventh 
day of the month Mechir, which is die sixth of the Egyptian 
year ; and he compares this observation with one of the same 
kind made by himself in the year 483 from the death of Aluxan- 
der, at an hour after noon on the seventh dajl^of the month 
Pachou, which is the ninth of the ^Egyptian year. Now die 
year consisting of 385 days exaedy, and being chvided into twdre 
months, of thirty days each, besides the five epagomenm, or com- 
plementary days, and the day commencing at nocm, we 
for the time of the equinox observed by Hipparchus, iwkoning 
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of that obsenred hf Ptoleiny^ vedcofdng from 
days, 1 hour, do tlmt tim iftterraly^ 
each, 18^85 years, 70 days/? hours; there* 
iM^e, d\riS^g the 70 days, 7 hours, or 7O.S01667 days, by 285, 
;^»tljkj)r€rinplete mnnber of years, the quotient is 0.246638 day, 
|Mrafe4i^gth of the year is equal to 865*246638 days, wUch is 
ijiSI same as that assigned by Hipparchus, and differs from the 
^th by about 6 minutes in excess. Ptoletny obtains the same 
'^‘*^8011 from a comparison of another equinox observed by Hip«> 
parcbus with one observed by himself ; and, again, frmn a comv 
^ paiison of the time of a solstice observed by Melon and Eucte- 
i^jpi, at Athens, in the year 816 of Nabonasser (431 years Before 
dirist) with one obscn'cd by himself in the year 463 from the 
death of Alexander (the year 140 of our era); but this e^Laot 
agreement in the three results has excited a suBjAcion of the 
reality of the observations wbicb is, certainly, better founded 
than that relating to his observations on the fixed stars. For 
it is remarked by Bailly that an error of six minutes in the 
length of the tropical year resulting fiom a comparison of 
observations distant from each other in time as much as 285 
years, corresponds to an error of 15 hours in the time of each 
equinox ; but he considers that so great an error is not likely to 
have occurred in any actual observation, since the time of the 
arrival of the sun at the equinox can, always, be estimated within 
six hours ; and he, therefore, concludes that Ptolemy had, while 


pretending to verify it, only rq>eated the determination of Hip- 
parchus. Both astronomers £ffer but little from the modems in 
the length 1^^ assign to the sidereal year. 

^ Dividing 360 degrees by the length of the tropical year above 
found, Ptolemy obtained the mean daily motion of the sim; 
an Ay hence, cc^i^uted a table of the mean movements for years, 
months, days and hours. The epoch is fixed at the first year of 
Nabonasser, which coincides with the year 747 before Christ. 

Ptolemy professes * to adopt the ideas of Plato respecting the 
circular and uniform movements of the sun, moon ai^ planets t 
and he considers that the apparent variations from that uniform^* 
« ify are caused by the positions of the circles composing those 


* Akmgait, bib. IX. Csp. S. 
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Iw obsemrii, the imaffinatim Ibu v<mc0»^:ik 
keatieMt -1111 axpiession proviutg that he did i^Vtn^^iretimd 
the plaiietaty spheres to be mstnial, as ha8%e|4j 
rapposed; and thoag^, in snotha* place, he says ^ giherea 
peribnn thdr rerolations in directions contraiy to that of the 
fi^ed Stan and abont different poles, it is still probable d^pi^e 
considered such poles and spheres to have hut an hyjiAit^edjgd 
existence. Ptolemy adds that the variations in the planetary 
movements may be explained either by the system of epicycles, 
or by that of eccentric orbits, but, in his investigations, he has ’ 
invariably combined the two. ^ ^ 

The solar theory, as exhibited by Ptolemy, appearing tojw 
identical, in the values of the elements and, probably, in 
mode of investigating them, with that previously proposed 
by Hipparchus, we have considered it proper to give the ex- 
planation of this theory'' in our account of the works of that 
great astronomer; and wc have now merely to observe, that 
neither Hipparchus nor Ptolemy take any notice of the move- , 
ment of the solay apogeum in space ; it would seem, therefore, 
that both of them supposed it to have always the same position 
with respect to tlic fixed stars, which would imply that it had a 
motion equal, and in a contrary direction, to that of the equi- 
noctial points. Now the movement of the apogeum in one year 
is known to be about 62 seconds in that contrary direction; 
consequently it moves forward, or from west to east, 12 seconds 
in the same time, \^dth respect to the fixed stars ; and, in the 
interval which had elapsed between tlie times of Uippai^hus 
and Ptolemy, the apogeum must have advanced in longitude 
about 48j- minutes, which, necessarily, ntiates the values as- 
signed by Ptolemy to the sun's anomaly : and, as a comparison 
of the place of the sun given by the tables, for any particular 
time, with the place found by observation at^e same time, 
would have diewia the errors of the tables ; it is evident that the 
astronomers of that day most have neglected to verify the theoiy 
by making such comparisons, or must have disregarded the differ- 
ences which they may have detected. When, by the so^ thebiy, 
the sun's daily longitude could be ascertained by compiitaadn ; 
the obliquity of the ecUptic to the equator having be^ also found, * 
as^we have shewn; the jrules of spherical trigonometry, which 
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were tnoyni m tbd* times of MippmS^ 
those ai^noniera to caletdate, elso» l|i4 stmT^ 0tt 
sibti and dec%ataou ; and these three elements 
into the first ephemerides which were poWished. > 

The lenj^h of the apparent astronomical day and the canms 
of its variations are supposed, as we have observed^ to have been 
well known to Hipparchus ^ but Ptolemy appears to have been 
the first who formed a table of those variations fin: the pur^se 
of readily reducing any g^ven interval expressed in apparent, to 
the value of the same interval in mean solar time, or the converse. 
He adopts, for the length of a mean solar day, the time in which 
a jpoint of the celestial equator would revolve about the earth, 
thorough the entire circumference of a circle and as much more 
as is equal to an arc which measures the sun^s mean daily mo^ 
tion in right ascension, or an longitude ; and he shews that the 
true solar day is equal to the time in which the sun revolves 
about the earth through the circumference of a circle and as 
much more as is equal to an arc which measures the sun^s true 
movement in right ascension in the interval ; evidently therefore, 
the difference between the true daily motion of the sun in right 
ascension, for a given day, and the mean daily motion either 
in longitude or in right ascension, must be the diflerence between 
the lengths of the apparent and mean solar days ; and these be* 
ing found for every day of the year, by continual addition .the 
table of the daily equation of time was formed. It is not likely 
that this important element should have escaped the notice of so 
acuta a philosopher as Hipparchus ; and, as Delambre observes, 
since Ptolemy no where mentions that the former had neglected 
to apply the correction in his researches, there can be no doubt 
that he was folly acquainted mth its cause and the rule by 
which it might be computed. 

In the fourth book of the Almagest, Ptolemy explains the 
theory of the moon, a subject which has always presented grieat 
difficulties to astronomers, from the many perturbating caus^ 
which haVe sensible effects on her movements, aaad whhdi, till 
latsly, wets very imperfectly known. We have shewn that Hip- 
parchus had datermined the radius of the moOn's epiqycle 
as W6 should call it, the eccentricity of her orbit, the masinium 
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equation of lier eentre tttd i3io place of her apogeoiHj aS^iptldcii 
eleo^ts were dien conadaed as coostaat quantities r With dbie 
Imowledge of these, and of the several mean aorements of the 
Mo<«, PtidlaDy detanined that, iid the epoeh of Nabonassw, 
whidh is fixed at the noon ni the first day of October in the 
year 747 Before Christ, the moon*s longitnde was 1* 11* 22' f 
h» anomaly, 8* 28" 49' ; the difiermce of longitnde between 
the sun and moon, 2* KK 37", and the place of the ascending 
node, lO* 24" 23'. These elements constitnted the basis o( the 
lunar tables then in use, and they seem to have been determined 
eatircly firom the data foniished by foe researches of Hipparchus, 
though it may be that Ptolemy had verified or corrected by new 
c o mparisons the results established by the former astronomer: 
ofn one occarion, however, he has not been fortunate, for, com- 
paring an eclipse observed at Babylon in the year 491 Before 
Christ with one said to have been observed by himself above 
615 years later, the moon being, at both times, at equal distances 
fi»m the opposite nodes, he has deduced a value of the mean 
diurnal motion with respect to the nodes differing firom that given 
by Hipparchus and, in consequence, he has applied a correction 
to that motion which increases the mror previously existing. 

The equation of the moon's centre or, as it is also called, the 
principal mequality of the moon, was ascertained, as we have 
diewn, by comparing the mean place of that luminary with its 
true place at the time of an eclipse ; and the correction so found 
was probably considered by Hipparchus to hold good when the 
moon is in any utuation with respect to the sun ; but wp are 
nufobted to Ptolemy tot the discovery of the fact that it is only 
applicable when she is in syzygy ; he perceived that, then, her 
place, found by direct observaition, agreed vary nearly with that 
obtained fiom the tables, the error being only rach as might, 
with great appearance of prohalnli^, be ascribed to the imper>' 
fecthm of the instroments or to 8(nne uncertainty in the value of 
the moon’s parallax : it mig^t have been remarked, also, that the 
observed and calculated places agreed neariy when the moon 
was dichotomised, provided she were in the apogenm or pe- 
i^eum of the epicyde, because there is, the% no eqnatkm 
the centre; but in every other situation <ff the moon, the jdaces 
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differ^ and Ptolemjr foimd the emr to be the ^hen 

the moon was inquadratuie up<m the ^icjrclei^l^ 
her anomaly was about 90 degre^ r the ohaerred km^pltiide was 
less than that given by the tables when the pmstapheresis, or^ 
the former equation, was subtractive, and greater, whmi additive; 
and he found that the error was nearly proportional to the equar 
lion itself Hence Ptolemy, in order to explain this second 
inequality of motion, was led to suggest the followm^^ modificar 
tion of the lunar system. ' 

He supposes £ <Flate IT. fig. 4). to be the earth or centre of 
the universe; about £ as a centre he imagines a circle, CO^C"', to 
he described on whose circumference moves, in retrograde drdei^ 
or according to the order of those accented letters, the centre of 
another circle called the eccentric, having its radius equal to the 
mean distance of the moon firom the earth ; let a n^be one po^« 
tion of this circle and a' d another ; and, on the circumfeTence of 
the eccentric let the centre of the epicycle move in direct ordei^ 
or from a towards o'. isNow, in consequence of the movement 
of the centre of the eccentric, the apogeum, a, of the same 
eccentric, moves in retrograde order, or firom a towards u, as if 
it moved upon the circumference of a circle imagined to pass 
through A, D and o, and having £ for its centre ; and th^ centre 
of the ^icycle seems to move upon the periphery of au. oval 
figure, as aa'q. 

The sun, s, is supposed to revolve about* £ with his proper 
motion, in direct order ; the moon, to revolve in her epicycle, in 
the same manner with her mean anomalistic velocity; and the 
mean syzygies take place whenever the centre of the epicyide is 
in the line joining £ and s : now the daily movement of the 
apogeum of the eccentric, from a towards d, is supposed to bo 
equal to 11^ 12^; and the motion of the centre of the epicycle' is 
supposed to be 13^ 1 1^ daily (the mean daily motion of the moon 
in longitude) firom a towards t / ; hence, the sum of these mov6« 
ments is a daily angular velocity about £, equal to 24^ 23^^ by 
which the centre of the epicycle recedes from the apo^fii of 
(he eccentric, and this is equal to twice the mean synodical 
moveraent of the moon : therefore the excess of the v^^diy bf 
the centre of the epicycle above that of fi&e apogeum of tllb 
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•eiaifedlc «riB, &i ha& m syaodied lerolulioniQf tiie aMKsi^ 

Ibese poiate'to oonte in coigiBictibli, to €b«t «. ^a» yarntg tlMmi 
'Will pMs tfanw^b the dardi: wad if^tbe sun was in ^ directitsm 
• of the same two points, as at 8» at the eoimaeno^oem ,of the 
motion, it w3l agmn be in a line diawa thzoof^ them, as at s^, 
at tiie end of titat time; the angle sss^ b^g equal to tirntde- 
soiibed by the sun in the said half synodieal lerolntion. In like 
mainner, the apogeum of the eccentric, the emitre of the epicycle 
(or the mean place of the moon) and the sun, will be in a line 
pas^g thioo^ the earth at the end of a corajdete iqmoi^cal 
revolution of the moon. By this hypothesis the centre of the 
epicycle is always brought to the iq>ogeum of the moveable 
eccentric, that is to the same distance from tire easth at the 
times of syzygy ; and this being Ibe constant distance supposed 
by Hipparchus, it follows that tire equation of the moon’s ceotre 
is, then, the same as he made it, whatever part of her epicycle 
the moon be in ; and if she be at the quadrature of the epieyde, 
as at s( ; that is, if her anomaly be 90-4egrec», the equation in 
that position of the epicycle, is the greatest, and it was ibund, 
by the last mentioned astronomer, to be eqiml to 4° 59' S", a» 
we have shewn, though Ptolemy mak(»j it 5® 1'. 

But in the some hypothesis, at the times of syzygy, the m6on 
in her epicycle is always in the line joining the snn and earth, 
or in that line produced ; the major axis a c of the oval figure 
aa'o is always directed, miber acemately or nearly, to the sun, 
at the same time ; and, hence, we may suppose that %ure to 
revolve about E with a movement equal to that of the sun : it 
follows that the moon, at the time she is dicboUnuised is, in 
some part of her ejneycle, either accurately or nearly in a line, 
as XY, passing through s at right an^es to the position (d* the 
atds at that time ; therefore the radius of hw ^icyde will then 
subtend a greater angle, at the earth, than when its centre is in 
any other part ' of the oval ; and if the moon’s anomaly be 90 
degrees at tiiat time, er sbe be in quadratace on her epicycle, as 
at M', the valim of that anf^e is a maxigmm, and Ptolemy, hy a 
eomparison of the moon’s observed hm^tnde, when in that 
ntuation, with her mean longitude, found it ^ual to 7® 40*. 
But it is evident that if the moon, thns dichotomised, were in the 
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«pOfe^ at perigeum tiie cpt^^ itfc 
^gitude slicmld c<na<»dfr her taeva '.knii^bade^. oMAi m 
tiiat of tfao centre of the epic3sde» and .'tbae oof^ ti>« W.ao 
eqnatioa, as was observed above. t 

A mean of the above two greatest eqnailHiiis of the stoott’a 
ceatie, at m and u', is equal to 6° 30' 80": this may be considered 
as the mean e<|uation and -it approaches very^ near the value 
assigned to this element by rnodmi astrondiaezs, who make it 
equal to 6° 18'. The difference between this mean eqoati^ 
and the greatest above mentioned is 1° Iff 80", which constitotes 
the mean value of the second inequality in the moon’s motum. 
To this inequality the name of evectionwas subsequently givmi; 
in the modem astronomy its mean value is made equid to 1° Sff, 
which is remarkably near the anment determination of th^ 
element. 

The computation of the diametms of the homooentric and 
eccentric circles, and of the epicycle is, now, sufficimitly easy. 
Ptolemy supposes E (Plate II. fig. 3) to be the earth, a and x to 
be the centres of die epicycles when in the apogeum and peii- 
geum, respectively, of the oval figure ; and A m and xn, which 
are equal to one another, to be radii of the epicycles; then, as 
above, we have ^AEm=d° 1', Z.xEn=7° 40', and the angles 
at m and h arc right angles : hence, assuming E a, the distance 
of the earth fittm the apogeum of the eccentric, to be unity, it 
will be found that the radius of the epicycle is 0.08715, and that 
BX equals 0.6533; therefore the diameter of the eccentric is 
1.6533, and its ladias, 0.8266 ; also, c being the centre of the 
eccentric, wc obtain e c, equal to 0.1734, which is'tbe rarhns of 
the bomocentric cirdc, or that whose circumference is described 
by the centre of the eccentric about the earth. If we assume 
c A, (fig. 4,) the radius of the eccentric, or the memi distance of 
the moon from the earth, to be unity, we shall have, fi>r the 
radius a m, of the epicycle, 0.1055, and for E c, that of the homo- 
centric, 0.3098 ; which is, therefore, nearly doable the radius of 
the epicycle. 

In the difference between the mean and appatteQl^ 

places of the moon bom observation ; that is, the angle sjl f^ 
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«inaibetiwea <he oentee ibe epk^eto void As plwe^ ibe 
■lDeBimiteq>i(^e, Ptcdesay obtamof fro» aB tropomical 
1k» ttigolar ^taaee betiveen tbe awaB- loogititde- of tbe iboob 
fodlbe true of the sim.lbt Ae time^ and add*' 

«r eobtraets the eloogetiioin ia kng^tude, of die moen frin»oihe 
MB, foaod l^obsmadonwidi tbe ast>old)e ; bjr tbeae aiettle be 
gets tbe angular ^stance in fongitude between dieia«ai and 
tme places of tho moon, wbidi includes both the equatka of 
tbe ccptre and the evection. To dnd tbe place of the mean 
i^ogenm- o» the epicycle, he draws a line throngh the earth 
and c', the centre of the eccentric ; then firom the point c"', 
wboe tins line intersects the homocentric on t^ opponte side, 
be draws another line through a', the centre of the epicycle ; the 
point n will be the mean apogeum requir^ ; that is, the point 
from whence the mean anomaly is to be reckoned. . The iq>pa* 
rent ^rageiun, of the qticycle is at the point n', where a fine 
from E drawn through the- oentre- of the epicycle cuts the 
ojqiosite part of the circamferonoe. 

Ptolemy asserts that he had computed the second inequalify 
firom an observation made by Hipparchus, and had found it 
equal to that which h&had obtained* fnnn his ownj it is, there- 
Ibre, evident that Hipparchus-must have detormined tbe place 
of the moon when not in syzygy by observations directly made 
with the astrolabe and, consequently, it is possible he 
mi^t have been aware of the existence of this ineqiudity of tbe 
moon’amovement though we hare no account that he had deter- 
im&ed'its value. 

The theory above described* served to determine tbe tme jdaoe 
ef the moon, at a given time, nearly within the limits-<^ the 
enors of the ancient observations, but any results obtained from 
it would be &r firmn* according with those of the presmit 
No neWf equatimi was, however, discovered, perhaps the ne- 
cesBty fn sudi was not felt, till the time of Tycho Brahe who, 
to the two frnmer, added a third, which is at its maximum at 
the time the moon is in either of the octants (when it may 
amount to about 96 rnmutes) and is null both in eyxygy and 
quadrature. 
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IpanOax bf «ompati^; ker scnkii di«to&itokl»<gi»wllii|fl^ «iwR 
ifae wedd be on the merfaUaB, end , it tilei 

ceuUlt diitooee af^uaDf obaetred at that: tme: Intt, tito«tosk 
compaiiflODs gore, for tbe boiizoixtid paraSaxea^ aadi 

68' 83", boto aroneom, and it is endent (bat toe jaetood aMNb 
have i^Rnded uncertain results; bii4 bariiiig Ibund toe 
ditasDce of the mooii when in apogeo, 6om toe earth, pTobabljr 
by toe method we have explained in Chap. X., -to be 64-1: semi* 
diam^er of toe latter, the resulting parallax auist have, been 
about 53' 30", which is near the truth. He aftowaxds altsn^ta 
the distance of the snn from the earth the method explaiued 
in that chapter, supposing toe viable semi>diameter of toe sun 
and mo<m to be, each, equal to 16' 40" and toe semi>diameler' 
of toe earth’s shadow in toe region of toe moon, when toe lattor 
was eclipsed in apogeo, to be 2 -^ of her semi-diameters, and he< 
finds it equal to J210 semi-diameteis of toe earth, which is as 
far fiom the truth as toe distance found by Aristarchus: by 
modrnn observations that distance is equal to 23984 semi-, 
diameters of the earth. 

Had Ptolemy been able to detect by his instruments, with any 
accuracy, toe variations of the moon’s apparent diameter during, 
one periodical revolution, he would certainly, on comparing, 
them with the variations which according to Us theory take, 
place in her distance fiom toe earth during the same .period,. 
We discovered that the theory was entirety at variance with- 
nature ; inasmuch as his distances are not inversely proportional 
to the apparent diameters which, by a law of optics, they ought 
to be : this law was well known to Ptolemy but toe uncertainty 
of his observations probably, caused him to remwn in 
ignoraiKK <rf a discrepancy which would have entirely subverted 
toe edifice he had, with so much skill and labour, raised . upon 
toe finindatioiu laid by Apollonius and Hippardms. Anditta 
lemaihable that no comparison of that kind seams to have bena 
attmnpted till toe nxteento emtury, when K^er, by means ^ 
law just mentioned, diecovered that toe orints of toe loooB* 
and sun were elliptical. It is, besides, worthy of obeervai^Og 
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IhflA fio mentioo is loade by any of the Qidk. «ate»uMne|;B of an 
asKslar eclipaa the win; and, in auch a ph^Bieawi 
arould be incompatOile with the detenninaticn of jPttdemy dul 
the moon’s apparent dhuneter, in tepogbo^ when it should be the 
least, is equal to that of the sun; yet we caimot suppose that 
•^njar eclipses had not been observed by the Chaldeans or 
Gie^s, and the silence of the ancients on this snlgect is quite 
inexplicable. 
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CHAPTER XIII. 

PTOLEMY'S PLANETARY THEORY. 

Caiiditioiifl required in investigating the orbits of the planets. — Determina- 
tion of the orbits of the superior and inferior planets. — Investigation of the 
latitudes of the planets. ^Imperfection and compleidty of the system of 
Ptolemy.— The inferior planets supposed by Pliny and Vitruvius to revolve 
about the sun. — Hypothesis of Vitruvius oonoeniing solar attraction.— Se- 
neca's observation on the probable improvement of astronomy. 


In the ninth book of the Almagest, Ptolemy enters upon the 
theory of the planets which, as he has delivered it, consists 
in a coiubinaltion of the preceding theories of the sun and moon, 
with some further modifications for Mercury. He informs us 
that ttie observations made by the more ancient astronomers 
were of three kinds; the tlme.s of their stationary appearances; 
of their risings and settings; and of tlieir appulses to the moon; 
and he points out tlic inaccuracies to which they are subject : 
he remarks that the first kind of observation is uncertain be- 
cause Uic slowness of a planet's motion, when nearly stationaiy, 

' docs not permit tlic time to be ibarkcd with precision ; he shews 
that the risings and settings of stars are affected by a serious 
cause of error arising from the impossibility of seeing them 
when they are exactly in the horizon, and from the apparent aug- 
mentation of their distances w^hich then takes place, and which 
he attributes to the vapours of the earth ; and, lastly, he ob- 
serves that the phenomena of the appulses do not, from the 
errors in the computed place of the moon, afford means of de- 
termining the positions of the planets with sufficient correctness. 
On all these accounts it is evident that direct observations of the 
planets by means of the astrolabe are to be preferred ; and from 
such, were the data obtained by which Ptolemy computes the 
elements of the orlats. In speaking of the appar^t situations 
of edestial bodies when near the horizon, it is remarkable that 
this astronomer does not mention the refraction of light as a* 
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cause pf the augmentations of tbdr and dia|b|||e^ i^m 

mdi other; and it is probable ibat» at the time orjjfli^iig the 
Almagest, be bad not made the discoTery of Che effect atmo- 

sjdiere in changing the directions of the rays of BghV which, 
howeyer, he must have found out soon afterwards, for he has 
mtjroduced an account of the phenomena resulting from it, in 
bis treatise on Optics, which, fortunately, is still in existence. 

In the theory now to be described he supposes that the earth 
is at rest in the centre of the universe ; that the planets, and the 
sun as one of them, revolve about it ; he considers Mars, Ju- 
piter and Saturn to be more remote from the earth than the sun 
is, but he observes, as we have before stated, that there were 
two opinions concerning the positions of Mercury and Venus; 
the more ancient philosophers supposing them to be situated 
between the earth and the sun and to revolve about the former 
while some, of later times, placed them beyond the sun with 
respect to the earth; and Uie first opinion is that which he 
adopts in" his researches. He assumes the truth of the Aiisto- 
tdian doctrine that the celestial motions are uniform and cir- 
cular; but he obsert'es that the movements of a planet cannot 
be explained, either on the hypothesis of a simple eccentric 
orbit, or on that of an epicycle moving upon a homocentric 
deferent, which probably constituted the theories of Apollo- 
nius and Hipparchus; and the" following is an outline of the 
manner in which he has combined the two hypodieses, to satisfy 
the phenomena as far as they had then been observed. 

Let X (Plate II. fig. 2.) be the centre of the earth and of the 
universe ; and upon any line, as a p, take £ c equal to the eccen- 
tricity of the planeCs orbit ; a distance corresponding to s c in 
the preceding description of the system of the moon. Bisect 
£ c hi z and i^out z as a centre describe the circle AMP which 
is (hat called the eccentric and which, in the solar theory, 
would be that on whose circumference the sun moves. The 
centre M of the epicycle L VV' moves on the oiibumference of 
this circle, and z is called the centre of m^, or constant dis- 
tances, for M z is equal to the mean distance of the planet from 
the earth. The planet, if superim, moves on its epicycle in 
direct order, or from \Kowards t; if inferior, in retrograde order, 
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cycle h tlmye dbect, or from a towati^ m. Tlbex^ ^ ^ 
always jpxb&ced by the mean movement of ^ |>ta^; dr ^ 
movement of the centre u, of the qiicycle is snob Aat^ wlm 
seen from c, it appears equal to the planef^s mean motion m 
kmgitnde; hence c was called the centre' of xnean or equable 
movements, and^a circle, as Htz, described about c as a cefntre 
with any radius waS called the eq^uant, because the point t, in 
the line c m, would appear from c to describe its circumference 
whh uniform motion. The above description will serve for aB 
the planets, superior and inferior, except Mercury, in whose 
system , &ke centre of the eccentric and of mean distances^ 
moves tipon the circumference of a circle described about c as a 
centre with a radius equal to c z, the half eccentricity ; just as, 
in the moon's orbit, th^ centre of the eccentric moves upon a 
circle described about £ as a centre. 

The line acep is the line of the apsides of the eccentric 
circle; it was not considered as stationaiy in space but as 
having an angular movement about £ with a velocity equal to 
that of the precession; lmc is the line of the apsides of the 
epicycle, and this tends constantly towards c for all the planets 
except Mercuiy. Now let a circle be described about £ as a 
centre, with any radius, to represent the orbit of a fictitious sun, 
and on its circumference let such a sun be supposed to move 
uniformly with the mean motion of the real sun ; then, as was 
shewn in the tenth chapter, the mean relative motion of the 
planet, or that performed in its epicycle with respect to the sun^ 
being equal to the difference between the mean motion of the 
sun and that of the planet in longitude, if we suppose S" to be 
the place of the fictitious sun when the planet is at V' and in 
opposition, sf will be its place at the next time of oppositioQ 
when the planet will be at v' ; it must be observed, however, 
that £ is not supposed to be the centre of the mean movements 
in the solar oxbit, but the error arising from so considering it, is 
by Ptolemy disregarded in the planetaiy theory. The ai^ea 
BMC and E M' c constitute, for the points m and m" respectivdy, 
what was called the anomaly of the acentric, the planet'# 
zodiacal, or proper, or first inequality, or the equarion of ^ 
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c^Qtre; and tliis element cotre^onds totbat, to wlii^ in the 
solar tbeoiy, the latter denomination was ^pijiedi the aecond 
inequality was supposed to depend upon portion ef the 
planet in its epicyde, and was expressed by the variable angle 
M' E B, the jdanet being supposed at B. 

The mean tropkal revolution of a planet, and the mem re- 
volution in its epicycle bad been well ascertained, as we have 
shewn, before the time of Ptolemy, and the ancient values of 
these elements differ but little from those assigned to thiwn in 
the modem tables : we cannot, however, say so much of the 
equations by which the mean, were reduced to the apparent 
movements, since the erroneous theory of the Greeks but badly 
represented the laws of the variations of planetary , motion 
between the periods in which their inequalities axe compensated ; 
yet it will be both interesting and usefril to shew in what manner 
Ptolemy determined the element^ of the orbits of the planets on 
the hypothesis which has been just explained. For this pur- 
pose, it must be supposed that, besides a knowledge of the mean 
movements above mentioned, he possessed registers of many 
observed Icxngitudes and latitudes of Uic planets at, or near, the 
times of the opposition of the superior, and the greatest elonga- 
tions of the inferior planets with respect to the sun ; and, from 
these, by the help of a table shewing the mean solar movements, 
he was enabled to ascertain the apparmt places of the planets 
at the moments when those places were in opposition with the 
mean places of the sun. With these elements, by the rules of 
trigonometiy, he found, as we shall explain, the places of the 
apogea, the eccentricity, the radii of the epicycles and the equa- 
tions of the centres. Hie opposition of the true longitude of a 
planet to the mean longitude of the sun is made use of by 
Ptoletny because the planet, in this situation, is, accordin^^ 
his hypothesis, at the extremity of its epicycle, passing through 
the earth ; and the second inequality, or that di^^ding on 
place of the planet in its epicycle, is, eonsequwtly, null. It 
may be Observed here that, in the modem asta^nouiy^, iUli op- 
positions and conjunctions of the planets With the sun are, also, 
generally employed fot investigating the elements of their 
motions in order to avoid the inequality caused by the distance 
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or <^^uti0tioti9^^ of the taoe |(eoceeUie icuig^ilpdes of 
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*13^ ^ta ebfployed by Ptolemy in mreatigaliiig the oitat of 
Mors iip^e three longitudes of that planet obs^ed by himscff 
in tbe^fteenih and nineteenth years of Adrian and in the seetmd 
yei^ of Antoninus, when the apparent places of &e planet wexe 
opposition to the mean places of the sun. These longitudes 
|irer^* 21®, ^4* 48° 50' and 8* 2° S4' respectively, and the in- 
tervals of time were 1530.8333 days, and 1557.0417 days; the 
mean movements of the planet in the two intervals, according 
Ao the tables and rgecting entire circumferences, were 81° 44', 
^and 95° 28', respectively, while the observed movements, by 
. taking the differences between the above observed places, were 
67° 50' and 93° 44'* Now let E (Plate III. fig. 1) be the earth, 
and M, M', M" be the three observed places of Mars, in the ciri^ 
of mean distances u'hose centre is z, consequently we hare 
Zmem'=:67° 50' and m'em"=:93° 44' as above: let c be the 
centre of mean movements and describe the circle m m'm" about 
c as a centre with a radius equal to that of the circle of mean 
distances ; draw c m m, c m' m', c m" m" ; then m, mf, m" become 
the places of Mars calculated by bis mean movements, so th^ 
.Z.mcm'= 81° 44' and Z.m'cm"=95° 28' as above; and let U 
be required to find the eccentricity £ o and the position a p of 
tlie line of the apsides. To obtain these, Ptolemy assumes, as 
knou^, the length of a line e p, drawn through e and m", one of 
the mean places of the planet in the circle of moan movements; 
and, from this, with the given angles, he computes trigonometri** 
cally the value of the radius of the circle of mean distances and^ 
subsequently, the value of the eccentricity in terms of that radius : 
ir#i the same data he gets the angle made by the line of the 
apsides with a line drawn from c to one of the observed places 
W the planet, by which, and the, observed longitude of thal; 
point, the lonptude of the perigeum is determined. 

The details of the investigation are as fallow. The ai^es 
mEm', m'Em" do not differ much from mem', m' em"; tiwaBe^ 
lore, as a first approximation, Ptolemy supposes them ^eqni^ 
and he produces m" e to p ; the A mup maybe 
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tin mippleioeiit of the earn of thlPtnro 
therefore, as equal to 18’ S6'; conaequeatlji^^^^'ikj! 

86* 16'; next 4 mcin"s:177* IS', the sum * 
vala, and its half, which is the angle m p m", is c, — . .. 
also 4m cm's: 81* 44', the 'first mean intearal, anfij||^J^^/ 
or 4 m p m',s46* 52' ; consequently 4 m' p EiE47* 

4 E m' p=46*. Then, 'assuming £ p to he unity, * 
in the triangle <b' Ep, we have spsl and all the ang^ ; 

to find m'p [=1*38713]; 


in the triangle mEp, we have Ep=l and all the angles $ a 

to find mp [=0*33071], md 

in the triangle m'm p, we have m'p,m p and 4 mp m' ; , 

to find 4 mm'p [=10’ 46' 26"] the dou- 
ble of which, or 4 m c p, is equal to 21* 32' 52 '. But to find E p ' 
in terms of the ra^us of the circle m m m", mahe that ndius 
equal to unity ; .then, because 4 c p is known, being equal to 
the sum of the angles m'cni and mep; in tlie isosceles tri- 
an^e m'rp, we have cm'andrp, each equal to unity, and 
■4 m'cp=103" 16' 52"; to find m'p [=1*56826] : also, in the 
triangle m'Ep, we have m'p and aH the angles; to find 
Ep [=1*13052]. Now tlie sum of the angles m' cm", m'om, 
sacp is equal to 108* 44' 52", this taken from 360* leaves the 
angle m"cp equal to 161* 15' 8"; bisect this angle by the 
line CN winch, therefore, will bisect m"p at right angles inN; 
then inthetrianglem"CN we haver m"=l, 4 m"c*N=80’37'S4" 
and the right an^e at ^ ; to find in" N, or n p, [=0*986674] 
and CN [=0*16288]; whence en [=e p— n p] u found to 
be 0*14387, and firom the right angled triangle c N E we can 
find CE [=0*217344]; this, consequently, is the value of the 
double eccentricity when the mean distance of Mars firom the 
earth is equal to unity. Now the complement of the angie ^n 
b equal to4CEN or4 m"EP which, for the present, may be 
conridered the same as the angle m"b P; to this add 8* 2’ 
the observed longitude of M",and we shall have 9* 21* 7' fiur the 
longitude of p, the perigeum of the eccentric ; hence the position 
of. the line a P, of the apsides, is known approximotively. The 
same elements may then be ie-conq>uted from the more correct 


data, afforded by (he preceding detonnutttitMii, whkb d^end 
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of th^ equalitieei of the angles 
an1|^'the angles m'Em", m' em^'; iu the second 
concludes that the longitude of Uie peri- 
* of Mars was then equal to 9* 25 * 30' and that 

. |bu>ecc)9n||icity, c z or z e, was 0*1, the mean distance being unity. 

, I^Jtolemy afterwards computed the angular distance of the 
. jgilanet from 1h*c5 mean apogeum of the epicycle when not in op- 
'' portion with the sun, and w'ith that, proceeded to Jfind the 
^radius of the epicycle itself. For this purpose he uses an obser- 
Vatic|ll made Uiree days after the last of the preceding oppo- 
sitions, the mean longitude of the sun being ‘2* 6® 27', the 
observed longitude of Mars, determined by his distance from 
Spica Virginis, 8® 1" 36', and the longitude of the perigeum of 
the eccentric 9® 25^ 30' as before found ; the diftcrence between ' 
the last two quantities, wliich is SS"' 54', gives the distance of 
Mars westward from the 'perigeum. The true longitude of Mars 
at the time of the last opposition was 8* 2 ’ 34', and the planet 
was then at V, on its epicycle ; the mean place of the sun being 
su])posed to be in tlie line M" E produced towards jJ. Now the 
diftcrence between the longitude of p, the perigeum, and of 
m", or V, is 52° 56', wliich is equal to the angle m ' e v; but the 
angle ra'cN, after the second correction is 81*' 25'; therefore its 
complement, the angle c m" E is equal to 8 ' 35' or, as Ptolemy 
makes it, 8 ’ 22', and tliis taken fromZ.m''Er leaves Z.m"cp 
equal to 44' 21', and its supplement, or Z. a cm", equal to 
135" 39', the mean distance of Mars from the aiiogeum of the 
eccentric at the time of the said opposition. By the mean 
daily motion of Mars in longitude, his movement in the three 
days since the opposition, is found to be 1" 32' ; if, therefore, the 
angle m" c m'" be made equad to this quantity W'e shall liave M'" 
fo^j^the place of the centre of tlic epicycle at the time of the pre- 
sent observation, and tlie angle a cm" will be equal to 137° 11': 

draw m"' e cutting this epicycle in V', then, by the planet's 
mean daily motion in the epicycle, his. movement in the three 
days is found to be 1° 21', and the angle V'm'"ii being made 
equal to it, R becomes the place of the planet ; we have there- 
fore the arc v V' R equal to 181° 21', and from this, taking what 
is called the anomaly of the eccentric w hichfis the angle c W, 

* T 
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or its measure, the arc v v', [supposed to be 35' as above] the 
remainder [=172® 46'] is the value of the angte v' m'" R, tie dis-t 
tance of the planet from the mean apogeum of the epu^ycle. 
In finding the radius of the epicycle, the mean distance m'"' z is 
assumed equal to unity ; then, in the triangle c m'" z, we have 
cz [the half eccentricity] = O’ 1 and Z m'"c 2 = 42'' 49 f 
to find the angle c M'" z [=3' 53' 53 '] ; whence the angle e z 
becomes known [=46® 42' 53"]; we have also ZIzai'^'e 
[= Z. CM'" e— Z. c m'" z] =4® 28' 8"; and the angle vm'"v', 
which Ptolemy now makes equal to 8® 22' 1", added to the ai^le 
v' M'" R [= 172 * 46 ], g^ves, for the arc v V" R, 181® 8 1" ; whence 
Z.V"m'"r= 1® 8' 1'. Now the sum of the angles m" c e and 
c M'" z is equal to the angle m'" z e [=46’ 42' 53"] ; and if again 
to this we add Z.z m'" e, the sum [=51® 11' 1"] is equal to the 
angle M'"Er; this taken fromZ.PER [=53*41] which is the 
above mentioned distance of Mars from the perigeum of the ec- 
centric, gives the angle m"'er [=2^ 42' 59' ]; whence, by add- 
ing Z.V"M'"R, w’c have the supplement ofZ.M'"RE [=3® 51']. 
Let fall Ea perpendicularly on M"'z ; then za [=0*0686] may 
be found in tlie triangle zaE, and we shall have M"' 3=0*9314: 
wherefore, in the triangle EaM'", we obtain M'" E [=0*93424], 
Lastly, in the triangle M'" r e, wc have m'" e and the angles ; to 
find M'"R [=0*65638], the required radius of the epicycle ; but 
it has been with justice observ ed tliat Ptolemy has chosen a 
very imfavoiirable situation of the planet for determining this 
element, on account of the smallness of the angle M'" E R. By 
similar processes the elements of the orbits of Jupiter and Sa- 
turn were found : he makes their eccentricities equal to 0*0458 
and 0*0542 respectively, and the radii of their epicycles 0*192 
and 0*105, the mean distances of the planets from the earth be- 
myg supposed equal to unity. From tlie theory of gravitatioa^ it 
is found that, in the age of Ptolemy, the eccentricities of Mars, 
Jupiter and Saturn were 0*09183, 0*04552 and 0*06124 respecs 
tively ; the errors, therefore, are not so great as might be ex- 
pected. 

Ptolemy’s theory of the inferior planets is contained iii" the 
tenth book of the Almagest; and in the investigation of their 
orbits he considers the conjunctions to be made by the equality 



Ptolemy's planetaey. theoky. 




of the^longitudes of the planet's apparent place and the sun's . 
mean place, as in treating of the orbits of the superior planets : 
he also considers that the centre of the epicycle of an inferior 
planet always coincides with the mean place of the sun at any 
given time, and that the apogeum of the eccentric represents the 
situation of the mean sun at the middle point of time between 
those at which the elongations of the planet from the mean 
place of the sun are equal to each other but on opposite sides 
of the sun. 

Tlierefore to fix the position of the apogeum in the eccentric 
of Venus, it was only necessary to take from the registers of ob- 
schMtions two longitudes of the planet of w'hich one exceeded 
the mean longitude of llic sun, found from the tables of the sun's 
movements, as much as the other was deficient : but, by an ob- 
sen ation of the dder Th.eon in the twelftli ycai* of Adrian, Pto- 
lemy finds the elongation of Venus westward of the mean place 
of the sun to he 47^ 32 , when the lattci was in 6* 17’ 52', and 
by an obsen'ation which he, himself, had made in the twenty- 
first year of Adrian, he finds the elongation eastward to be 
47’ 32' when the sun’s mean longitude was 9* 2’ 5'; the 4ongi- 
tude of the middle point between those two places of the sun is 
evidently equal to 7* 25"* nearly, and that of the opposite point, 
1' 25'’; and since the sun was nearly in apogeo when his mean 
longitude was 1* 25’, this point is to be considered as the apo- 
geuin of the eccentric circle of Venus, and the former as the 
perigeum. 

To obtain the eccentricity and the radius of the epicycle, 
Ptolemy takes two observations from each of which the ex- 
treme elongations might be obtained W’hen the mean places of 
ihe sun w ere 1* 25^* and 7® 25°; that is, when the mean sun 
was in the apsides of the eccentric of Venus ; the first of thes9 
observations is in the thirteenth year of Adrian when, the mean 
stin being in apogeo, the extreme elongation w^as 44 ’ 48' west- 
ward, and the second in the twenty-first year of 'Adrian when, 
the mean sun being in perigeo, the extreme elongation was 
47 also westward : w'itli these data he proceeds to investi- 
gme the elements in the following manner. Let a n p [Plate III. 
fig. 2.] be the eccentric circle of which z is the centre ; let, as 
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before, k be the earth and c the centre of mean or uniform mo* 
lions ; then A and p will be the places of the apogeum and pe* 
rigeum respectively ; these points will also represent the mean 
places of the sun w^hen in the apsides of tlie eccentric, and let 
it be obser>'ed that Ptolemy supposes lliis circle to be fixed in 
space, or that tlie line of the apsides is subject only to the motion 
of precession. Take V and V' to re]>resent, at the tw^o times of 
observation, tlie places of Venus in the epicycle, which are 
wOiere the tangents e V and e V' meet its circumference ; then 
since a V=pV', w^e have, in the right angled triangles a V E and 
p V E, A E : E P : : sin. Z. p E V' : sin. L a e V : then, the half sum 
and half difference of these angles of elongation bcjing known, 
as above, to be 46’ 4' and V" 16' respectively, wx' have, using 
the inodern trigonometry to avoid the laborious processes of 
Ptolemy, * 

tang. 46’ 4' : tang. 1’ 16 ::ae + ep : ae — EP: 
whence, assuming^ a z, the mean distance of Venus from 
the eailh, to be unity, it will follow that a E + E p = 2, 
and A£ — Er=0’042606, which is ecpial to the double ecccntii- 
city ; tliercfore the eeccntricitv e z is ()‘()21303 : then also a V, or 
its equal [ = 0 716(jo] niaj^bc found from the triangle a e V. 
TJic radius of tlie epicycle of an inferior juanet may be considered 
as the mean distance of that planet from the sun, and, for 
Venus, llic value of this mean distance according to La Place is 
equal to 0’723:3:3, vvliieh differs but iiltle from the determination 
of Ptolemy ; the eccentricities, however, do not agree so w'ell, 
for, by the theory of gravitation, lliat of Venus w as, in the age 
of Ptolemy, only equal to 0*00789, w hich is little more tlian one 
third of the value above obtained. 

In order to find tlie maximum equation of the centre, Ptolemy 
chose two observations, made when the elongation of ^"enus fi*om 
the mean place of the sun w as the greatest, and when the mean 
place of the sun was at 90 degrees from the apogeum of the 
planet’s eccentric ; that is, when his mean longitude was 10* 25®: 
the first of these was in the eighteenth year of Adrian, when tlie 
geocentric longitude of Venus was 9* 11® 26' and, conseqiiently, 
her elongation was 43 ’ 35' westw ard, and the second was in the 
third ye^r of Antoninus, when the geocentric longitude was 0* IS® 
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20', and, consequently, the elongation was 48® 20' eastward. At 
these times the centre of the epicycle must have been at the ex- 
tremity, N, of a line drawn through c, the centre of mean move- 
ments, perpendicularly to the line a p, of the apsides ; and v and 
v', at tlic points of contact of the lines e v and E v', must have 
Deen the places of the planet in the epicycle. Now let q o be 
an arc of the celestial sphere,' and let n be transferred to N' in 
that sphere by a line from c, then n' will represent the mean 
place of Uie sun in the same sphere ; also let v, n and v' be 
transferred to o, to n" and, to q, by lines from e, then these will 
be the ajiparent places of those points : the arcs of elongation in 
the celestial sphere are o n' and N' q respectively, and half the 
difference of those [= 2° 22 30"] is evidently equal *to the arc 
N' N" which may be considered as the measure of the angle 
N' N N" or c N E, the equation required. 

It is proper to remark here that Ptolemy corrected the mean 
movement of Vc^iius and the place of her apogeum by comparing 
a geocentric longitude of the planet, obser\’ed by himself in the 
second year of Antonimis, with one observed by Timocharis in 
the thirteenth year of Ptolemy Philadclphus ; the interval being 
409 years 107 days, during vv^hich time the planet had described 
225.031)80 revolutions in the ej»icycle. From hence he finds the 
mean daily motion in the epicycle to be 0.61G08 degrees, which 
is rather l(‘ss than the value found by Hipparchus ; and he, 
afterwards, deteniimes the longitude of the apogeum for the 
epoch of his tables, which is the first year of Nabonasser, to be 
P 16® 10': the mean longitude of the planet is, of course, the 
same as that of the suu at the same period. 

A process very similar to that employed in determining the 
orbit of Venus was adopted in investigating that of Mercuiy. 
For fixing tlie longitude of the apogeum of the eccentric, Ptolemy 
selected two observations of the planet when the elongations 
from the mean place of the sun were equal but on opposite 
sides ; one of these was made in the sixteenth and the other in 
the eighteenth year of Adrian, and at the first, by the distance 
of Mercury from a fixed star whose longitude was'^ known, the 
apparent or geocentric longitude of the planet was found to be 
11* 1^ ; w^hen, by the solar tables, the mean longitude of the sun 
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was 10* 9® 45' ; the difference which was equal to 9 1® 15' anda maxi** 
was the elongation of the planet eastward : at the Wond, 
Mercury’s apparent longitude was found in the same maimer to 
be 1* 18® 45', when the sun’s mean longitude was 2* 10®; the 
difference, which was also 21® 15', and a maximum, was the 
elongation westward : the middle ppint between the two mean 
places of the sun ;^tlu\t is a point whose longitude was 0* 9® 52' 
was the required place of tlie apogeum of the planet’s eccentric. 
By another pair of observations made in the first and fourth years 
of Antoninus the place of tlie apogeum was found to be in 0* 
10® 15'; and a mean between the two places thus determined 
gives 0* 10® 3' 45 ' for the longitude of the apogeum. 

In order.to find the eccentricity and the radius of Mercuiy^’s 
epicycle, Ptolemy tahes several observations made directly on 
the planet when the mean longitudes of the sun were the same 
as those of the apogeum and perigeum of the planet ; two of 
these, which were made by himself in the nineteenth year of Adrian, 
gave for the greatest elongation, in Uie first case 23^ 5' eastward, 
and, in tlic otlier, 19' 3' westward; the sun’s mean longitudes 
being respectively 0* IP 15' and 6* 9* 15': but two other ob- 
servations, made in the fourteentli y^ar of Adrian and in the 
second of Antoninus, when the mean longitude of tlie sun was 
3* 10* nearly, and, consequently, when the sun w'as at the dis- 
tance of a quadrant from the apsides of Mercurj^’s eccentric, gave 
for the greatest elongations 26' 15' eastward, and 20'* 15' w est- 
w^ard, respectively ; and Ptolemy tahes a nlcau of titesc, or 23‘' 
15', for the maximum elongation in both situations. Other ob- 
servations made w^ben the mean sim was differently situated 
gave different elongations, which were not reconcileable witli 
the hypothesis adopted for the orbit of Venus, and it seemed 
evident, either that the radius of Mercuiy’s epicycle was variable, 
or that the distance of its centre from the earth was subject to a 
change, independent of that arising from its motion on a simple 
eccentric. Ptolemy adopts this opinion and modifies the former 
hypothesis by maldng the centre of mean distances moveable, as 
will be presently explained. 

Ijct E tPlate III. fig. 3] be the earth ; A b p, a b q and Per 
be certain positions of Mercury’s cccenlxic ; and let a p be the 
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line of the apsides. Take c the centre of mean movements^ and 
draw (?T perpendicular to ap; then the centre of the epicycle 
will be in the line c suppose it at T, at the times of the two 
last mentioned obsenratious. At those times half the difference 
of the two elongations was equal to three degrees which, as was 
shewn in the orbit of Venus, constitute the amount of the 
zodiacal inequahty, or the angle £.tc; hence £C may be ex- 
pressed by c T. tang« 3 *^ ; but, considering M to be the place of 
the planet in its epicySle, t m to be perpendicular to c M, and 
Z TCM equal to the mean elongation [23*' 15'], we shall have 
CT. sin. 23’ 15' = TM ; whence, assuming TM to be unity, CT 
iwill be found equal to 2.53329, and £ c equal to 0.13276. Now,^ 
by the obser^^ations in the nineteenth year of Adrian; as above 
mentioned, when the maximum elongation at a ; that is the angle 
a £ V, was 19 ' 3' ; and at p, that is the angle p £ v', was 23^ 5', 
assuming the radius of ^e epicycle to be unity, Ptolemy found 
that £ A was equal to 3.06379 and £ p, to 2.53329 : half the sum 
of these values gave a z, or z p [=: 2.79854] consequently £ z is 
equal to 0.26525, which is twice the value of e c. Therefore it 
is proved that z is situated at a distance from c, the centre of 
mean movements, equal to £ c but on the opposite side. Now^ 
to present the above value of t c and to have the centre of the 
epicycle always equally distant from, the centre of mean dis- 
tances, Ptolemy found it convenient to suppose that this last 
centre revolved on the circumference of a circle described about 
z, with a radius equal to z c or e c ; then, imagining the centre 
of mean distances to be at z' when the centre of the epicycle 
was at A, and causing the former centre to move in retrograde 
order, or from z* through z", on the circle described about Zg 
while the centre of the epicycle moved in direct order, or from 
A towards t, with an equal angular velocity ; the centre of mean 
distances would arrive at c when the centre of the epicycle was 
in perigeo, in the line a p and the eccentric circle would suc- 
cessively take the positions a b q, Per when the centre of mean 
distances wa/ht z" and c, respectively, a z', the mean or constant 
distance is evidenUy equal to 2.66578 [ss az— zc]; and if wc 
make \his equal to unity we have, by proportion, t m, the radius 
of the epicycle, equal to 0*37513 and E c, the eccentricity, equal 
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to 0.0995, or nearly one tenth of the mean distance : . in the 
modern astronomy the semiaxis major of Mercury’s orbit, which 
corres]>onds to the radius of the epicycle in the thcorj^ of IHolemy 
is c(pial to 0.3871, and the eccentricity, to 0.4054, the mean dis- 
tance of the sun from the earth being unity. 

The differences* in the apparent elongations of an inferior 
planet, when the mean sun, or the centre of the epicycle, in 
different parts of the eccentric, arc sensible also in Venus but 
arc not so considerable as in Mercury; they are evidently caused 
by the ellipticity of the real orbit of th(» inf(‘rior planet about the 
sun, and the orbit described by the centre of the epicycle ac- 
cording to the hypothesis above explained, ]>roduces an approxi- 
mation to the law of those variations inasmuch as the jmtli of 
that centre is an oval figure symmetrical on each side of a r, as 
in the orbit of the moon, by which the radius of the epicycle 
subtends a variable angle at the centre of mean inovemcnt as 
well (is at the earth ; and, if it had not been that the prejudice 
in favour of circular motions overpowered every eonsidcralion, 
the figure of this path must have* suggested to l^toh iiiy the idea 
of an elliptical orbit, uhich would have considerably simplilied 
Ills theory of plaianan^ movement even though lu‘ laid still 'Sup- 
posed tlic earth to be at rest. It must be, also, obsened tliat, 
notwithstanding the com]>lexity of the orbits of the ])lanets, the 
observed inequalities oi‘ their motions were far from being accu- 
rately rcpres(?nted. 

13y eomparing the longitudes of the ajiogea of all the planets, 
found in liis own times, with those delcrinined from more* ancient 
observations, Ptolemy concludes that the lines of the aj)sides arc 
fixed in space and iliai the longitudes of the apogea api>ear to 
increase continually by the mere effect of precession ; now we 
have shewn how eiToneously this last element was estimated, 
and we know that the progression of the apogeum is different 
for all the planets; that of Saturn, which is the greatest, 
amounting to about 20 seconds annually with respect to the 
fixed stars, or to about 70 seconds with respect to the equinoxes ; 
and, as such movements might have been detected in , obser- 
vations made at tlie end of long inten^als of time, there is a pre- 
sumption that Ptolemy did not attempt the investigation. A 
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suspicion has, also, arisen respecting the reality of the obser- 
vations he professes to have made on the inferior planets for de- 
termining tlieir elongations from the mean place of the sun, on 
account of the improbability that the values of those elongations 
should, as he has asserted, be exactly equal to each other ; but 
this circumstance admits of a reasonable explanation which 
leaves no ground to doubt the fidelity of the Alexandrian astro- 
nomer ; for it is conceivable that he would have talcen from the 
registers of obsen^ations, made by himself or others, such as 
occurred near the times when, by the tables, the mean longitude 
of the sun was any given quantity ; and then, by proportion 
drawn fi-om the daily or hourly movement of the planet, sup- 
])osed to be previouslj- and approximatively known, ii would be 
easy to ascertain those longitudes of the sun and planet which 
render the elongations coincident in quantity. Methods similar 
to this are, even now, emjdoyed by astronomers in determining 
the olements of the orbits of die sun, moon and planets. 

Tn all the reasonings above exhibited the planets have been 
sujiposed to move in the j)Iaue of the zodiac, or of the sun’s 
apparent orbit about the earth. Ptolemy, however, was well 
aw^are that they were sometimes above and, at other times, below 
that plane : he was aware, also, tliat tlie latitude, like tlic longi- 
tude, w’^as subject to tw’o inequalities ; and, in the thirteenth book 
of the Almagest, he enters into an explanation of that part of the 
jdanetary tln'ory. lie supposes the plane of the eccentric of 
each jilaiK'f to be inclined to that of die zodiac ; the plane of 
the epicycle to be inclined to that of the eccentric, and die line 
of nodes produced by the intersection of the eccentric and zodiac 
to pass dirough the earth at right angles to the line of the 
apsides of the former. The first of the inequalities of latitude 
he calls zodiacal, and makes it depend on the position of the 
centre of die ejiicycle, the other which he calls solar, arises from 
the position of the ])lanet in the epicycle. 

To exhibit the positions of the circles and the manner in which 
the variatioiift. of latitude take place; let xy [Plate IV. fig. 1.] 
be the plane of the ecliptic ; uv that of the eccentric circle for 
any superior planet ; let E be die earth and R E s the line of the 
nodes, or the intersection of the eccentric and ecliptic. Also let 
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a plane pass through e perpendicularly to the line of the nodea; 
its intersection with the eccentric gives pa, the line of the 
apsides and, witl!k the ecliptic, gives f ' a', the projection of that 
line ; and the angle A £ a' is the invariable inclination of the two 
planes. Let a be the centre of the epicycle when in apogeo ; 
then the plane of the epicycle will intersect tliat of the eccentric 
in M N perpendicularly to a p, and let k a q be tliat diameter 
which lies in the plane passing through p a and p' a'; the angle 
kae will be the greatest inclination of the epicycle to the 
eccentric. 

Now when, by tlie mean motion of tlm planet, the centre of the 
epicycle moves towards R, the diameter k q turns about that 
centre, and its inclination to the plane of tlie eccentric con- 
tinually diminishes till, when the centre is at R, the line K Q 
coincides with k' q' in the line of nodes and the plane of the 
epicycle coincides with that of the ecliptic ; so that the planet, 
in any part of the epicycle has, now, no latitude : during tliis 
movement of the centre the diameter M n, of the epicycle, which 
is peipendicular to kq, moves parallel to tlie plane of the 
ecliptic and, at b, it coincides writh it, and talces the position 
M' N', parallel to p' a'. As the centre of die epicycle moves from R 
towards p, the line k' q' continues to turn, and becomes inclined 
to the ecliptic ; ainl, when the centre has got to p, it coincides 
with q" k" which is parallel to K Q ; the diameter M"' N", also, which 
remains parallel to the ecliptic, is now perpendicular to p a. 

Ihe angles K e a' and p' £ k", which are those of the greatest 
northern and southern geocetitric latitudes of the planet, being 
given by observation, the radius of the epicycle and the dis- 
tances of its centre from the earth being also known, as above 
explained, Ptolemy finds the inclinations a e a' and kae. 'Hie 
former is evidently equal to the maximum of the first inequality 
of the planet’s latitude ; and, when the centre of the epicycle is 
in any other part of*the eccentric, its latitude will, of course, be 
expressed by the product of the angle a e a' multiplied into tfie 
sine of the angle which the line of the nodes makes with one 
drawm from £ to the actual place of that centre* Ihe angle K a B 
also diminishes when the centre of the epicycle changes its 
place, in the proportion of radius to the sine of the angle above 
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mentioned and the sum of these two variable angles gives the 
value ot the latitude in anj part of the planef s orbit 
For the latitudes of the inferior planets Ptolemy proposes a 
similar hypothesis ; but he supposes the inclination of the eccen- 
tric to the ecliptic to be so small that it may be disregarded, and 
he gives to tlie plane of the epicycle a double inclination to the 
plane of the eccentric or rather, of the ecliptic, so that the lines 
K Q and M N, of the apsides of the epicycle, may be sometimes 
in the plane of this circle and, at other times, above or below 
it ; and he exhibits this double and variable inclination by giving 
to the lines k a q and man conical movements upon a asr a ver- 
tex, as if the points K and N turned upon the circumferences of 
two small circles pevpendiculax to the plane of the eccentric and 
having their centres in that plane, in such a manner that when 
either line lay in the eccentric the other might, at one end, be 
at its greatest elevation above that plane and, at the other end, 
as much below. Ibis contrivance, of a double inclination, or as 
Ptolemy ex})resses it, of an inclinatiou and obliquation was, as 
Delombre obsen^cs, rendered neccessaiy by that variation in the 
place of the centre of mean distances which has been described 
in speaking of Mercury’s orbit ; for by thus, alternately, bringing 
the planet nearer to, and carrying it further from the earth than 
it would be if the centre of the epicycle moved upon a simple 
eccentric, its geocentric latitude would be augmented and di- 
minished nearly in proportion to the variation of its distance, 
which is contrary to the phenomena observed ; and the conical 
movement of the radii of tlie epicycle was tliought capable of 
correcting the error. Kno\iing the dimensions of the eccentric 
and epicycle, with the obser>’^ed geocentric latitudes of the planet 
when at K and M, it was easy to determine the inclinations of 
the two diameters of the epicycle to the plane of the ecliptic 
and the diameters of the small circles on whose circumferences 
those points K and m were supposed to move. In the orbit of 
the moon, the plane of the epicycle is supposed to coincide with 
that of the eccentric ; and the inclination of this plane to the 
ecliptic was found by the method shewn in the explanation of the 
lunar theory*. The errors in the places of the planets whmi 

« Chap. XL 
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computed by the hypothesis proposed by Ptolemy, for the pur- 
pose of exhibiting the variations of their movements both witli 
respect to longitude and latitude were, probably, witliin the limits 
of those of the obsen'^ations made in his age ; but they will be 
found too great, when a com{>arison is made of tlie places thus 
computed with those obtained from modern observations, to 
pennit the system of Ptolemy to stand in competition wdth tliat 
which is now received ; and, indeed, the former is w ortliy of 
notice chiefly on account of the ingenuity displayed in the 
various devices adopted to produce an accordance betwx^en the 
deductions from theory' and tlie results of obseiTation. The 
machinery of the heavens which is described in the w orks of 
Ptolemy appealed even to that astronomer somewhat com- 
plicated ; and he endeavours * to apologise for it by observing 
that we ought not to judge of celestial things by our ideas of 
sim])licity, which arc not perfectly fixed and certain, but rather 
by ideas drawm from the perlection and ininiutahility of the 
celestial motions tlicnisclvcs ; according to w Inch, as he all(*ges, 
the most complex subjects may appear more simple, in reality, 
than those which, to us, seem to possess that quality in the highest 
degree. 

The ancient j)hil()Soj)hcrs having no means of determining the 
relative distances of the earth, sun and planets ; and not being 
able to distinguish the phases of Mercury and wdiich 

shewT them to be alternately beyond the sun and between it 
and the earth, could liave no evidence to disi>rove the opinion 
that the revolutions of all the ]>ianets respected the earth as ,a 
centre rather than the sun : yet about the time of Ptolemy, if 
not, as we have already hinted, (Chap. IV.,) much more ancient- 
Jy, a system must have been jiopular which, in the positions it 
assigns to tlie orbits of the inferior planets, lias some resemblance 
to that invented by Tycho Bralie in a later age. This appears 
from a jiassage in Hiiiy ^ where tlic writer, endeavouring to give 
a reason why tlie last mentioned planets did not deviate far from 
the sun, says it is because their circles return upon themselves 
and have that part below the sun which tlie others have above : 
now Uiese circles can only be tlie epicycles, in which tlie planet 

• Almagest, Lib. XI II. cap. 2. ' Nat. Hist. Lib. IL cap. 17- 
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moving, when it arrives at the point where a visual ray from 
the eartA is a tangent to the orbit, it appears to return towards 
the sun ; and the part said to be above the sun is, doubtless, the 
perigeum which, in the superior planets, is beyond, while in 
tlje inferior planets it is within the solar orbit. The description 
certainly agrees wuth the supposition that these planets revolve 
about the sun,* and appears to have been expressly framed in 
opposition to the idea that tlie earth is tlie centre of their motion. 
But the hypothesis which we infer from the language of Pliny 
is more explicitly announced by Vitruvius*, who is supposed to 
have lived in the time of Augustus or, as some tliiuk, of Ves- 
pasian ; and, as the -description of the Universe given by this 
engiiKKjr contains, concerning the attractive principle, -a curious 
notion which, probably, was then generally admitted among phi- 
losoj)hcrs, it may not be improper to introduce that description 
in this place. 

The earth, he says, is placed in the centre, and the heavens 
wth the twelve signs revolve about it on the cardinal, or 
j)olar fixis. Mercury and ^'enus are the j)lanets nearest to the 
rays of the sun, and move round the latter as a centre, appearing 
sometimes progressive, sometimes retrograde and, occasionally, 
stationary among the signs. “ Mercurii autem et Vmeris stell<B 
circum soils radios^ solem Ipsum^ ati centrum, itineribus coro- 
na ntes, regressus retrorsum ei reiardationes faciunt, ^ Eiiam 
staiionibus, propter earn circinationem, morantur in spatiis 
signoruniy He describes Venus as, alternately, a morning and 
an evening star, and observes that she does not remain an equal 
number of days in each sign ; but after being delayed in some, 
she cscajies from the impediment, {which he afterwards considers 
as caused by the sun’s rays,) and quickly passes through the rest 
of the orbit. He states, agreeably to the notion of Aristotle, that 
all the planets move with equal velocities ; and tliat, on account 
of their different distances from the earth, they accomplish their 
revolutions about it in different times, which he illustrates, and the 
same idea is expressed by Cleomedes*^, by supposing seven 
ants to be placed in as many circular grooves cut in the plane 
of a potter’s wheel, at different distances from the centre, and to 
* Be Arcbitectura, Lib. IX. cap. 4. ^ Be Contemplatione, Lib. I. cap. 3. 
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be made to move with equal velocities in one direction while'the 
wheel itself revolves in the opposite; he compares this i&Dtion of 
the wheel to the diurnal motion of the heavens and, therefore, 
the whole illustration would seem to be formed fiom the old 
hypothesis of concentric spheres, but it is probable that nothing 
more was meant than to prove, in a manner w^hich should be in- 
telligible to common minds, that the observed periodical revo- 
lutions of the planets were compatible with the opinion of their 
equal movements ; and that no attention was paid to tlie real 
orbits. He makes the durations of the revolutions of the supe- 
rior planets nearly the same as those assigned in the modem 
astronomy to the sidereal y^rs of these planets ; that of Mercury 
is stated at 360 days which, probably, are intended to express 
the time of a mean revolution, being nearly the same as that of 
the sun ; but the revolution of Venus is said to be accomplished 
in 485 days, and, if this is not a mistake, we can only imagine 
it to refer to the time which may have been obser\’ed to elapse 
between the greatest elongation of the planet on the western side, 
and that on the eastern side of the sun, which is known to be 
about 440 days. 

Some persons, he says, arc of opinion that the stationary and 
retrograde appearances of Uie superior planets arc caused by the 
greatness of their distance from the sun, at the times when those 
phenomena occur; wdiich rendering* his light too faint, their 
motion is retarded by the obscurity ; but he asserts that he is of 
a different opinion ; giving, as a reason, that the sun’s rays fill 
all the heavens and, therefore, must always enlighten the divine 
planets. He thinks those appearances may be caused by the 
action of heat which, he says, attracts all things to itself ; and, 
to explain bis meaning, he observes that the sun extends his 
rays in the form of an equilateral triangle, and that these attract 
or accelerate the bodies which follow him while they retard those 
which precede him, drawing them back, as it were, towards him. 
It is difficult to conceive what is to be understood by the solar 
rays being extended in the form of a triangle but, as he observes 
also, that if the rays from the sun were bounded by a circle, or 
sphere, the bodies nearest the sun would be burned up, it seems 
that he supposed the matter of light or heat, without diminishing 
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in density, to extend itself every ivay as it recedes fiom the sun 
in the stake manner as the breadth of, a triangle increases from 
’ one of the angles to the opposite side ; the other expression ap- 
pearing to imply an opinion that, if the light or heat diminished 
in density as it receded from the centre, which would be the 
case if it issued from the sun in right lines like the radii of a 
circle, the heat near the sun must be so much greater than we 
find it to be in the region of the earth, that the moon and infe- 
rior planets would be destroyed. 

In those times the physical principle by which the parts of 
the universe are connected together must have been very faintly 
apprehended ; for though many passages in ancient authors seem 
to imply a knowledge of the existence of an attractive quality in 
nature, like that which Vitruvius supposes to reside in the solar 
light or heal, and daily obseiTation must have shewn that a 
heavy body, if unsupported, falls to tlie earth ; yet so little were 
tlie ancients able to discern the consequences which must result 
from such a tendency tliat, as far as we can discover, they never 
suspected the power by which all bodies near the earth descend 
towards its surface to be Uie cause wliich renders their rise from 
that siuface impossible without the application of some superior 
force. This we infer from the language of Pliny, in answer to 
the question, (which seems, then, to ha-ve been frequently pro- 
posed,) whether or not there were antipodes to tlie inhabitants 
of our hemisphere ? and if so, why they do not fall from the earth ? 
He obsen’es, justly, that the latter question may as properly be 
made concerning ourselves by the inhabitants of the other hemi- 
sphere, but his reply is nothing more than an assertion that such 
a fall would be contrary to JJature, since she has refused a place 
to which terrestrial bodies may tend in that direction. The im- 
perfection of the sciences was not, however, unfelt by many of 
the learned among the ancients ; nor did it escape the penetra- 
tion of one who most justly deserved the name of a philosopher, 
that they would, with the progress of time, receive those im- 
provements which „have actually taken place: Seneca, contem- 
plating the state of astronomy, observes * that it was only since 
fifteen hundred years before his time, the Greeks had given 
• Nat. Quest. Lib. VII. cap. 25. 
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names to the stars, and that there were still many nations who only 
knew the heavens by hut, with a prophetic spirit, Jiie says, 

‘‘ Ihe time will come when posterity will be surprised that we 
could be ignorant of things the knowledge of which might be sq 
easily acquired; and some one will at length arise who shall 
teach men the paths of the comets, their magnitude and nund)^, 
and why they deviate so far from the routes of the jdanets. 
How imuiy tilings” he adds, are beyond the reach of hunlasr 
intelligence ; and how' small is the part of the universe which is 
accessible to our knowledge ; even the Deity himself is no better 
know n to us.” Let it be observed here, tliat the fifteen hundred 
years mentioned above, would carry us back to a period more 
remote than the origin of the Greek astronomy ; and it is pro- 
bable that Seneca confounds the science of Urn Greeks with 
tliat of the Egyptians and Chaldeans. 
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* CHAPTER XIV. 

WOBK6 OF THE ARABIAN ASTRONOMERS. 

Dedtne of Astronomy after the destruction of the Roman Empire. — The 
Arabians adopt the hypotheses of Hippardius and Ptolemy. — Their im- 
pruvements in pure mathematics. — Destruction of the Alexandrian library.— 
Measurement of an arc of the terrestrial meridian in Syria..-..The hypothesis 
of a libration of the equinoctisd points supposed to have been conceived in 
the age of Ptolemy.— The opinion adopted by the Arabians. — The hypothesis 
of material spheres adopted by the sanm people.— Manner of representing 
the effects of the supposed libration. — Determination of the obliquity 0 / the 
ecliptic by Albategnius.— The length of the year and the elements of the 
solar orbit determined. — The elements of the lunar orbit adopted from 
Pti>leiny.-.Opinion8 concerning the distances of.the planets. -^Researches of 
Jbn Jouj:ii.<i.— Values assigned by the Arabians to tlm general precession. — 
Astronomical tables computed by the same people.— The correction for re- 
fraction introduced. — Oitservatories established at Maragah and Samarcand. 

The science which we have seen glimmering through the ob- 
scurity^ enveloping tlie ancient histoiy of the Egyptian and Assy- 
rian empires, and shining with a steady lustre over the territories 
subject to Grecian influence, was marked in its progress by just 
such steps as might be expected to be taken by an intelligent 
and industiious people, wlio persevered in their application to 
the subject till they had brought it to the highest degree of per- 
fection wdiich tlieir means permitted ; and it is highly probable 
that, had the political existence of the Grecian states been ex- 
tended to a later period, tbe modems would have been antici- 
pated in tlie discoveiy of that law which has enabled them to 
unfold all the mechanism of the universe. But the iron hand of 
Roman despotism crushed the intellectual energies of the people, 
and annihilated the sciences both of Greece and Egypt ; then,, 
instead of a nation ennobled by the culture of a sublime philo- 
sophy, and adorned with the elegant arts, history reveals to us 
a people of soldiers, originally occupying only a narrow district 
of Italy, but, subsequently, becoming the conquerors of the most 
powerfiil nations of antiquity and rulers of that vast portion of 
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the earth which extends.from the Atlantic to the Indian Ocean; 
who, in ignorance of tllW which constitutes true glor^^ sought 
tHeirs only in warlike achievements ; or rather, who, in accord- 
ance writh the precepts of the poet, left to others the care #f ex- 
plaining the form of the heavens and the courses of the stars, 
and dcvoted.the energies of their minds to tlie aits of sutguga- 
tion and government Diuing the existence of a nation influ- 
enced by such precepts it was impossible that astronomy or the 
other sciences should flourish, and the destruction of the giant 
empire was followed by a long night of barbansm and ignorance. 
This continued till the ninth century of the Christian era, when 
the successors of Mohammed hod carried their arms and their 
religion over all tlioso provinces of Asia and Africa which, during . 
80 many ages, bad been ruled by the sovereigns of the eternal 
city and tiD a new race arose in the w'est, which, reviving the 
smothered fifes of ancient learning, produced a flame whose 
steady brilliancy seems destined to enlighten every region of the 
earth. 

But to what can be ascribed this change, which caused so 
dark a veil to overspread tlie sun of ancient science, literature, 
and art, in countries where these had previously been so highly 
cultivated ? The only plausible answer to this question is, that 
while the empire of Rome subsisted and held those countries in 
subjection, that portion of the revenues of the states which should 
have been consecrated to the support of Uie public seminaries 
was expended in foreign wars ; and that, among the rich and 
powerful, a relish for merely sensual luxuries had sup^seded the 
taste for pleasures of an intellectual nature : when learning ceases 
to be patronized by a government, or when it is no longer es- 
teemed a qualification for rank in society, it soon ceases to be 
cultivated; and the painful application of the mind which is 
necessaiy to attain proficiency in it is too often gladly dispensed 
• with by persons whose interest it does not immediately promote^ 

Before the invention of printing, books were we and costly, 
therefore not generally diffused ; and it must have been in th^ 
power of those persons only who were in possession of considerable 
wealth to place themselves unda^ the tuition of some philosopher 
" Lib. VI. v«r. SSO. 
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wIiOy perhaps^ resided in a distant countaty ; hence, tibe number 
of studints could never have been C^si&raHe in the ancient 
wbrld, and this number would naturally be dinunished when 
the fsttimulas to exertion was withdrawn. It is certain, also, that 
an ambitions priesthood, from a love of the pow^ which supe- 
rim* science has always conferred on those who possess it, w^- 
held from the laity the instruction it was its duty to communicate, 
in order to preserve a monopoly of learning within its own esta* 
blishments; and, as might be expected from such policy, it 
happened that, in proportion as knowledge declined among the 
people, it declined also among the clergy till, at length, all were 
enveloped in one common cloud of ignorance and superstidon. 

» The immediate successors of Ptolemy appear to have been too 
well satii^ed with the works of that illustrious astronomer to 
attempt any alteration in the theory he had so extensively de« 
veloped, and ages undistinguished by any originality of con- 
ception or brilliancy of talent, succeeded tlie publication of the 
Almdgest, The second Theon, Pappus, and Simplicius are justly 
celebrated as commentators of Ptolemy, Aristarchus, and Aristo- 
tle ; but the other persons who held the chair of philosophy in 
the east, from the second to the ninth century, arc chiefly known 
as compilers of mathematical elements, in which occur only some 
occasional notices of astronomy : the low state of the science 
within this period may be concluded from the language of Isido- 
rus of Seville, who, in the seventh century, and in a work in- 
tended for the learned, gravely states that the rising sun is seen, 
at the same moment in Britain and India; that {he stars arc 
sustained and guided by angels, and that the universe turns on a 
material axis which is prevented from taking fire, in consequence 
of the fiiction, by water descending on it from heaven. 

The Syntaxis of Ptolemy still remained the text book of the 
Schools, and the Arabians, who rekindled the science, did it 
from the lamp which had been burning, though with continually 
declining lustre, in the Institution of Alexandria; but it is not 
to be expected that, during the short period in which the Khafifr 
were able to afford patronage to the learned, the foundation of 
astronomy should be renewed ; in fact the hypothesis concemmg 
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the system of the universe, which had been received by Hippar- 
chus and Ptolemy from the invrator, appearing to the Arabians 
conformable to reason and venerable from its antiquity, was by 
them unhesitatingly adopted; and their energies were simply 
directed to tlie improvement of the means of making observa- 
tions, and of the rules by which the occurrence of phenomena 
were computed : these were, indeed, objects of importance, since 
the one contributed to the establishment of correct data, and the 
other, to diminish the labours of succeeding mathematicians, but 
they are not to be compared with the science'' which teaches the 
deduction of the celestial ph^iomena from the general laws of 
nature. 

Trigonometry is especially indebted to the Arabians for the ^ 
introduction of two new functions by which its fonnulm are con- 
siderably simplified ; these are ttie sinets and tangents of circular 
arcs ; the former was substituted for the chords which had been 
invented by Hipparchus and used ever since his time ; the otliers, 
which were at first called shadows, seem to have been suggested 
by the practice of making observations on the sun, with the 
gnomon; for the length of the shadow cast by a pillar is evi- 
dently equal to the tangent of die zenitli distance of the celestial 
body, supposed to be reckoned on an arc of a circle w'bose radius 
is equal to the height of the pillar. These functions appear to 
have been first used in trigonometrical operations by Albateg- 
nius, who lived about the year 879 of the Christian era ; and 
if, as is asserted by Lucas di Borgo, who first, in Europe, pub- 
lished a treatise on algebra, that art was discovered by the 
Arabians, it must be acknowledged that these people have con- 
ferred upon the sciences an obligation of the highest order in 
bequeathing to succeeding mathematicians the most powerful 
instrument by which physical propositions, and particularly 
those relating to astronomy, can be investigated. The honour 

intenting the numeral characters, and the decimal scale of 
values at present almost universally employed, by which the 
processes of computation have been so much facilitated when 
compared with those rendered necessary by the Greek notation, 
may be contested between the Arabians and the Hindus, yet the 
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former people have an indubitable elaim to our gratitude mnoe 
they wefe the means of introducing that important algoritbin to 
the learned of Europe. 

A great merit of the Mohammedan pbilosopheis consists in 
having availed themselves of the opportunities afforded by the 
fine climate of Egypt and Syria to make numerous and, for that 
age, accurate observations on the sun and fixed stars, by which 
tlie apparent movements of those celestial bodies, became much 
more perfectly known than before ; it does not appear, however, 
that they invented any new instruments for this purpose, and it 
is rather probable that they employed only such as are described 
by Ptolemy, but, perhaps, made of larger size and more correefly, 
as well as more minutely, graduated; and as we read of several ^ 
persons who bore the designatiou of Alasterlabi, or makers of 
astrolabes, it is probable that the extent of the demand for such 
instruments pennitted* individuals to apply themselves particu- 
larly to their construction. Albategnius, speaking of the instru- 
ment which he used in his observations for finding the zenith 
distances of celestial bodies, says* it was furnished with a very 
long alidade, whose nature and use, be adds, is explained in the 
Almagest ; and it appears to have been graduated in minutes of 
a degree: a similar instrument was subsequently constructed for 
the observatory at Maragah, having an alidade 5j cubits long ; 
and it is evident that both must have resembled the parallactic 
rods mentioned by Ptolemy. The Arabian astronomer, Geber, . 
also, made use of an armUlaiy instrument which was capable of 
turning on its supports, so that the principal circle could be 
placed at pleasure in the plane of the meridian, the equator, or 
the ecliptic ; and thus there might be obtained the meridional 
zenith distances, the right ascensions and declinations, or the 
longitudes and latitudes of celestial bodies. The circle seems to 
have been about four feet in diameter ; and mention is made of 
an auxiliary arc, equal to a quadrant, whose radius was of greater 
length than that of the circle and which, being stiU more 
minutely graduated; gave, with superior correctness, the values 
of the angles taken by the armilla itself. 

The commencement of the Arabian empire was marked by am 
* De Scientia SteUai-uxn, cap. 4. 
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evetkt which seemed at first to threaten the total exfinctioii, 
rather than promise the advancement of literature and Icience ; 
we mean the destruction of the splendid library formed by the mu- 
nificence of the Egyptian sovereigns, at Alexandria. The fana- 
ticism which dictated the order for consuming that immense col- 
lection of the treasures of ancient learning, certainly does nc^ 
seem consistent with the liberality subsequently displayed in 
the efforts made to repair the loss by the acquisition of ev^ 
valuable work that could be procured ; nor could it have been 
foreseen that a people who considered all necessary erudition to 
be contained in the koran should become the promoters of that 
which originated among, and was cultivated by the idolaters of 
^sia and Europe. Yet such was the fact: the charms of 
“ sacred numbers” which had, from all antiquity, been felt in 
Arabia, probably led, after the rage of conquest was satisfied, to 
the study of the poets and, subsequently, of the moralists and 
historians of the West ; and the worship of the heavenly host, no 
less ancient, nor less genei'ally difiused among tlie Arabian tribes, 
as probably gave an interest to the astronomical works of the 
Greeks, the study of which necessarily led to the practice of 
diligently observing the stars, and supplied a motive for the 
cultivation of pure mathematics. Thus, as the eloquent Bailly 
observes*, like children who destroy the things they possess and 
then weep over their loss, the Arabs came to seek the light of 
knowledge at Alexandria, where they held endeavoured to extin- 
guish it ; and removed the ashes which remained, that they 
might collect what the fire and their barbarism had spared. 

The determination of the magnitude of the earth we inhabit 
seems to have been one of the first objects attempted by the 
Arabians; and Al-Maimon, the son of the famous Aaron-Al- 
Raschid, who was seated on the throne of Bagdad in the year 
614 of our era, appointed the best mathematicians of his age 
and country to measure the length of a degree of the terrestrial 
meridian in order, as it is expressly stated, to verify the vahie 
obtained by Eratostlienes and Ptolemy. We learn from the 
translated manuscript of Ibn-Jounis, an astronomer who lived 
about the year 1000, that these mathematicians were divided 
* Hist, de r AstTGoomie Modeme, Liv. VI. 
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into two parties ; that one party by eWtohiiig cords ^0 ctiibits 
long frdm south to nortli in successioHy between Waset and 
Tadmor, measured in the duection of the meridian a ceilain 
space which they made equal to 200,500 cubits in length, and 
whose extremities differed in latitude by one degree ; and Uiat 
the other party measured, in the plain of Singiar, also a degree 
of latitude which they found to be nearly of the same length, 
the diflcrence between them being about of the terrestrial arc 
Tlie length above Assigned to the degree of the meridian was 
stated by the persons who performed the operation to be the 
same as that given by Ptolemy ; its precise value would be of 
small importance at present, even if it could be ascertained, on 
account of the probable inaccuracies of the admeasurement; but 
the greatest uncertainty prevails respecting the lengtli of the cubit 
here employed ; for some of Uie Arabian geographers make it 
equal to d palms, that is, to about 2 English feet, while the 
Jewish astronomer Abraham asserts that the mathematicians of 
A1 Maimoii used a cubit whose length was 4 palms, or about 16 
inches ; and according as we adopt the first or second of these^, 
values, the length of the degree would be about 76, 01 - 51 Englii«£ 
miles respectively. Alfraganus relates ^ that the learned men 
who, in the time of A1 Maimon, measured Uie length of a degree 
made it equal to 56f miles, each containing 4000 royal cubits:'^ 
and, if we take the mean length of a degree of the meridian to 
be 69 English miles, it will be found Uiat the royal cubit must 
have been equal to 19-J- inches. 

It seems probable that some of the more ancient astronomers 
occasionally reckoned the longitudes of tlie stars not from the 
true equinoctial point, but from some fixed star whose ecliptic 
place was considered as the origin of the longitudes, just as some 
terrestrial meridian arbitrarily chosen is now used for the origin 
of the longitudes of places on the earth ; and the registers of llie 
ancient observations not being always accompanied by a desig<* 
nation of the assumed origin of tlie celestial longitudes, it has 
happened that, in comparing such observations with others made 
on tlie same stars when the longitudes were really reckoned from 

® Delambre, Astronomic du Moyeu Age, pages 78 87* 

^ Elementa Astrononiia, cap. a 
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&e equinox, a mistaltea notion arose concerning the position of 
the vernal equinox; which was, thence, supposed to be subject to a 
variability of movement independent of the precession, and to 
advance and retrograde alternately upon the ediptic, within cer- 
tain limits, about its mean place. The idea of this movement of 
trepidation, as it was called, appears to have been entertained 
in or before the time of Ptolemy ; though as this astronomer does 
not notice such a motion, in his works, it is evident that he 
must have considered it as unsupported any observations 
worthy of confidence. Theon, his eonunentalor, alleges tliat 
the opinion was maintained by the ancient astronomers, proba-* 
bly meaning the professors of the art of astrology, who appear 
always to have held notions which formed no part of the creed 
of men of real science ; and he adds that the extent of Uic motion 
was said to be 8 degrees on each side of the mean place: 
he makes the rate of motion equal to one degree in 80 years ; 
so that the equinoctial and solsUcial points must have been sup- 
posed to come, at the end of every period of 1280 years, to 
those points of the ecliptic which they would have anived at by 
the general precession. 

Tlie particular data on which the supposed fact of tlie trepid- 
ation and its amount were founded are quite unknown, but, pos- 
sibly, there might have been then in existence records of many 
observations similar to those quoted by Ricius*" firom the Jessod 
holam [De fundamento mundi]^ a work composed in the l>cgin- 
ning of the fourteenth centurj’ by the Jewish writer Isaac; the 
obscn'ations we allude to, which are said to have been made by 
a certain Hermes 1986 years before the time of Ptolemy**, shew 
the longitudes of the stars Regulus and Cor Hydras ; and if real, 
those longitudes would appear, at that time, to have been greater 
by 7 degrees than the longitudes assigned by the latter astrono- 
mer to the same stars, whereas, by the effect of precession, they 
ought to have been less by about 28 degrees ; it, therefore, ap- 
peared that, within the above period, the equinoctial point had 
moved according to the order of the signs, or in a direction con- 
trary to that which constitutes the precession. But the age in 
wliich this Hermes is said to have lived is believed to be fictitious 
* De motu octav» ephnrv. 


^ Ridufl ttt Bupri. 
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and, as the account of the obaen^ationa simply staties, that one 
of the %bove mentioned stars was m a certain degree of Leo, 
it will be veiy natural to suppose with Rioius, and the suppo- 
sition destroys the hypothesis of trepidation, that the star was 
by the ancient observer whoever he may be, referred to the con- 
stellation Leo, which is fixed in the heavens, and not to the fifth 
sign of the ecliptic, reckoned firom the equinoctial point, which 
is moveable. Bailly, on the other hand, contends * that the lon- 
gitude of the said star is to be referred to the equinoctial point, 
but he conceives that Hermes, or the observer who bears his 
name, made use of the Hindu zodiac whose origin, at the above 
epoch, he shews to have been situated 35 degrees from Ihe equi- 
nox, according to Uie order of the signs ; and, consequently, the 
place of a star in that zodiac would, U^en, appear to be 7 degrees 
more advanced in longitude than its place, in the time of Ptolemy, 
according to the Greek zodiac : but the absence of any direct 
evidence to pij)ve that observations of Uxis nature were made by 
any person using the Hindu zodiac, at so early a period as 
1985 years before the time of Ptolemy, is a good reason for pre- 
ferring the former supposition. 

In the Jossod holam above quoted firom Ricius^, Hermes is 
stated to have recommended that the philosopher should care- 
fully cofudder the ship hanging in the air^ which during fowt 
hundred years ascends, and during an equal number of years, 
descends!''^ The ship here mentioned is, by Rabbi Isaac, thought 
to designate one of Uie equinoctial points ; and the ascent and 
descent, to designate the motion of trepidation; but it is evident 
that, from expressions acknowledged by the relator to be ob- 
scure and of uncertain meaning, and ascribed to a person whose 
existence is doubtful, nothing can result in favour of the opinion 
that tlie hjrpolliesis of trepidation was known in die times of the 
ancient Babylonians and Egyptians. 

If any dependance may be placed on a s^tatement made by the 
same Isaac, tliat about 750 years before his time (consequmitly 
about A. D. 560) the head of the constellatioB, and the com- 
mencement of the sign Aries, were together, or in conjunction, 
we shall be enabled to form an opinion in what particular part 
* Astronomie Indienne, dicoours prelimiiiaire. De xnota <>ctavie Rphasrae. 
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of the heavens the origin of the Arabian zodiac was situated ; for 
the place of the vernal equinox in 500, being computed Item the 
known value of the precession, will be found nearly coincident in 
longitude with the star ( Piscium, or about 13 degrees westward 
from a circle of longitude passing through y Arietis, near which 
last passes the present boundary line between these two constella- 
tions. As there is no remarkable star near the said place of ihe 
equinox by which the head, or beginning of the constellation 
Aries could have been distinguished, it seems unlikely that such 
a spot in tlie heavens should have been chosen for Uie com- 
mencement of tlie twelve zodiacal constellations ; we may, there- 
fore, reasonably suppose that the divisions whose origin is 
referred to by the Jewish writer, were merely the twenty-eight 
lunar mansions used by some of the Arabian astronomers *, and 
in his time, generally, by the professors of astrology. We shall 
see, hereafter, that the origin of the twenty-eight asterisms into 
which the Hindu zodiac was divided was, also, situated near the 
star ( Piscium above mentioned. 

The idea of an alternately direct and retrograde motion of 
the equinoctial points, having by some means found a place 
among the other conceptions of that age, concerning the systems 
of the heavenly bodies, was adopted by the Arabians, who made an 
effort to exhibit it by an additional movement given to the sphere 
with which, according to Eudoxus and Calij)piis, the fixed stars 
were connected. This modification is developed, in a manu- 
scrii>t work on the motion of the eighth sphere, by Thebith-ben- 
Korah**, who probably lived about the year 1000 of the Chris- 
tian Era, but it is right to observe, and it is asserted by Alpe- 
tragius, an Arabian astronomer of the twelfth century, that the 
hypothesis itself was not universally admitted among that people : 
Albafegnius® argues against it on the ground that, during 
certain times, the movement of trepidation is in a contrary 
direction to that of the general precession, and, agreeably to the 
laws then laid down for the motions of the celestial spheres, 
two contrary movements cannot exist at tlie same time in the 

* Hyde on thfi of Ulugh Boy. 

^ Delambre, Astrouooaie du Moyou Age, p. 73. De Sdeatia fStellanun, cap. 52. 
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same body or point ; and Th^ith, in a Idler to fbe physician 
of the Shalif Motavekel, expresses a doolrt of its eeality, though 
it is probable that, at a subsequent time, he admitted it with 
ccHifidence : oven among those who received the hypothesis, a 
difference of opinion prevailed respecting its amount ; Albateg- 
nius* agrees nearly with Theon in the value asugned both to 
the rate, and to the extent of the movement ; hut, according to 
Thebith, who has given a table of the equation of the equinoc- 
tial points, dependent cm the supposed trepidation, the greatest 
extent of the deviations, in latitude, from toe fixed ecliptic was 
4" 18' 43", and, in longitude, 10* 45' from the mean place; and 
toe restitution was supposed to take place in 4171^ years. 

From whatever cause it may have originated, it is* found that 
toe Hindus, in an age perhaps somewhat earlier than that of 
Albategnius or Thcbito, entertained opimons amilar to those 
ascribed to the latter, on toe sulyect of the movements of the 
equinoctial points : and toe following account of them, frrnn an 
interesting essay by Mr. Colebrook on Hie notions of the Hindu 
Astronomers^, will probably be considered as strengthening the 
idea, that the sciences of Arabia and India were then closely 
connected together, it being not likely that the people of those 
countries should, independently of each other, have formed an 
hypothesis which is now well known to have ho foundation in 
nature. 

Mr. Colebrook states that Bhascara, in his description of an 
armillary sphere, and also in a quotation from a more ancient 
astronomer, Munjala, mentions the retrograde motion of the 
equinoctial points ; but he asserte that this is at variance with 
the text of the Sourya Siddhanta, and of several other works, in 
all of which the revolution, as it is called, of toe equinoctial 
points is to consist in a libration of those points, within 

toe limits of 27 degrees eastward, and as anany westward of 
(proba bly their mean place), and of these libratimis it is 
added that 600 are performed in one yuga [=432000 years], 
or 600000 in a Calpa. The same doctrine, he observes, was 
maintained by toe very ancient astronomer Aryabhatta, accord- 
ing to a quotation from the works of the latter by Muniswaza, 
* Ut supra. ” Asiatic Beseardies, VoL xu. 
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one of Bhascari’s commentators, only the number of Kbrations 
in a Calpa is made equal to 678159 instead of 600000, Ind the 
limit of each is said to be 24, instead of 27 degrees. It may, 
therefore, safely be infeiTed that the opinion of a libration, or 
trepidation, of the equinoctial points is of considerable antiquity 
in India ; but it will be in vain to attempt a reconciliation of 
the values assigned by the Arabians and Hindus to the period 
in which a libration is performed, or to the extent of a libration 
on each side of tlie mean equinox ; partly on account of our 
ignorance concerning the precise values of the Hindu yugas 
and calpas, w^hich, indeed, are of variable duration, and con- 
ceniing the manner in which this people understood the libra<« 
tion to be produced : we shall see presently that the Arabian 
astronomers supposed the plane of the ecliptic to be moveable 
on a small circle, or sphere, w^hose centre is in the mean place of 
the equinoctial point ; and it is evident that a small difference 
in the magnitude of this circle w^ould make a considerable vari- 
ation in the extent of the interval between the mean and true 
intersection of the ecliptic and equator when that interval is a 
maximum. 

In the astronomy of the Arabians, some confusion prevailed 
concerning the constitution of the Universe, and there seems to 
have been one theory for Iht learned, and another for the vulgar, 
or, perhaps, for the astrologers ; for though in their scientific 
investigations, this people adhered to tlie ideas of Ptolemy, and 
considered the planets to revolve on the circumferences of 
epicycles, yet we find their writers proposing to return to the 
material and concentric spheres of Aristotle, and alleging, as a 
reason for so doing, the complexity of the eccentric spheres and 
epicycles which enter into the planetary tlieory of the Astrono- 
mer of Alexandria. Now if, as is most probable, Ptolemy or 
his immediate disciples considered the planets to perform their 
revolutions in immaterial orbits, it must be admitted that the 
system they professed to follow was, in this respect, advan- 
tageous, because it left a way open for the future improvement 
of Astronomy, when, by the sagacity of some profound enquirer 
into the physical laws which govern the universe, the principle 
should be discovered by which the sun and planets preserve 
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their relative distances &om each other ; whilst the AtnhiaiiB^ 
by the* adoption of the clumsy machinery constitating the 
older hypothesis, caused a retrograde movement, in the sdence, 
which was not recovered till the days of Copernicus and Kepler. 

Ihebith, like the ancient Greeks, imagined that to each 
planet belonged a system of spheres of whose movements that 
of the planet was compounded; beyond these he supposed 
there was situated what wiCs called the eighth sphere, ..which 
contained the fixed stars, and which, according to Ptolemy, 
performed a revolution about the axis of the ecliptic, in direct 
order, in 30000 years, producing the movement of precession 
at the rate of one degree in one hundred years ; and on tiie ex- 
terior of this he placed a ninth sphere, called the !^imum Mo- 
bile, or the sphere of spheres, whose movement from* east to 
west, caused the observed diurnal revolution of the heavenly- 
bodies. On both these spheres were conceived to be described^ 
great circles representing the ecliptic and equator, and 
between Uie spheres were placed two othe^, diametrically op- 
posite to each other, which revolved on an axis coincident 
witli a line drawn through the earth and the equinoctial points 
on the ninth sphere, while this axis was carried round the 
heavens by the general precession. The radii of these spheres 
were supposed to subtend at the eailh angles of 4? 16' 48'^, and 
the equinoctial points of the eighth sphere were made to re- 
volve upon their surfaces, so that tlie ecliptic and equator of this ^ 
sphere appeared to rise and fall, to advance and retros^^ade, 
altemately, with respect to those of the ninth sphere; thus 
producing the variations of latitude and longitude, which were 
tliought to be obs^ved in tlie fixed stars : the values of these 
trepidations at any given times, were made proportional to the 
sine of the arc, on the surface of either small sphere, which 
measures the angular distance of the moveable equiit;^tial 
pmnt from the plane of the fixed e<diptic ; but the manner in 
which these movements of tlie equinoctial points were supposed 
to take place, will be better understood from the following 
explanation. ^ 

Let iis B Q D [Plate 111. fig. 4] be the position of the mean 
equator, whose pole is n, and Q being the mean places of the 
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equinoctial points, and let ab c d, 1 efg be circles fermed by planes 
peipendicular to the mean equator, cutting, centiuUy, ifie small 
spheres above mentioned ; the equinoctia} points of the eighth 
sphere describe the circumferences of these circles, and when 
the vernal equinox is at a, let Tai£k be the position of the move- 
able ecliptic, p its pole and T and ^ the positions o£ One move- 
able equinoxes, on the equator of the ninth sphere. Then, while 
a describes the semicircle abc, the point p will describe the 
half p 9rp' of the looped curve about » and the point T will re- 
trograde through the arc T T', so that when the equinox of the 
eighth sphere is at c, the ecliptic will take the position T' c ; 
again while this equinox is moving from c, through d, to a, the 
pole of the ecliptic will describe the other half p' w p of the 
looped curve, and the equinox of the ninth sphere will return 
from T' to T. During the revolution of the equinoxes on the 
eighth sphere upon the circumferences of the circles abed, lefg, 
the pole of the equator on that sphere, will vibrate continually 
in the arc p p" which is equal to the arc a c. The arc of a great 
circle between 11 and p, or between 11 and p', which measures 
the angle at T or T' will express the greatest, and the arc n w 
will express the least obliquity of the ecliptic ; the former was, 
by Thebith, made equal to 23^ 51' 20"' and the latter, to 23" 83' 
40 " ; whence, TI w p being a right angle, the arc of a great circle 
between w and p must have been equal to 3" 56' 56" ; and, 
because this arc is to the corresponding arc between IT and p", 
or between m and a, as the cosine of 11 w to radius, it follows 
that the radii of the circles or spheres of trepidation would 
subtend at the earth angles of 4" 18' 43", as above. The arc 
T M, which is half the trepidation in longitude will, from these 
data, be 10" 42' 50", and Thebith makes it equal to 10'^ 45': 
but this dement is, evidently, a result of computation, founded 
on the differences, in the obliquity of the ecliptic, arising from 
errors of observation; and the situations of the equinoctial 
points, according to determinations made from the supposed 
law of their movement, could never have been compared with 
those resulting from the observed longitudes of stars without 
demonstrating the inconsistency of the hypothesis. 

Averroesof Cordoba is said, by Copernicus, to have proposed. 
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in order t^^aecbTOt for the movement of the in 

latitede^ lliM the sphere belonging to each should have a libra* 
toiy motion from north to souths whicb.^ b^g combined with 
the diurnal motion produced by one of the other sjfoeres con- 
nected with the same planet, would cause the latt^^ apparently^ 
to desoibe, within certain limits of latitude^ a spiral movement 
about the earth. There is no account of the manner in which 
this libration was to be effected, but it is easy to conceive that 
it might be produced in a manner similar to the movement of 
trepidation above explained, by causing the sphere of the planet 
to revolve so that a certain point on its surfoce may describe 
the circumference of a small circle about the pole of the ecliptic, 
while the planet itself is situated at the extremity of a diameter 
at right angles to that drawn through the said pomt and the 
centre of the sphere ; for then, the planet will vibrate, in an arc 
of a great circle perpendicular to the ecliptic, about tbe place 
of its node as, in fig. 4, the point P vibrates on each side of 11. 

Albategnius, whom we have before mentioned, was an Arabian 
prince, residing at Aracte in Syria, about the end of the ninth 
century of our era, and was apparently, a diligent observer of 
the heavens. In his treatise De Scientia Stellarum * he relates, 
after stating the result of Ptolemy’s observations for finding the 
obliquity of the ecliptic, that he himself, having carefully veri- 
fied the positions of his instruments, had repeatedly found the 
sun’s meridional zenith distance, on the days of the summer 
and winter solstice, to be 12® 26' and 59® 36', respectively ; * 
whence the distance between the tropics appeared to be 47® 
10', and the obliquity of the ecliptic, 23® 35' ; and this, being 
corrected for refraction and the sun’s parallax, becomei^ 23® 35' 
41" : we learn also, from tbe relation given by Ibn Jounis, 
that three astronomers who had observed the obliquity at Bag- 
dad, in the year 200, of Yesdijird [882 of our era] made it 
equal to 23° 33' 52" : the near agreement of these results with 
each other affords some evidence that they do not differ much 
from the truth, and, if we compare them with the obliquity 
found by Ptolemy or Hipparchus, tliey present an additional 
argument in favour of the progressive diminution of that element 

"Gap. 4. 
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Hie obsenrations of Albategniu* 8how'tbtf| |i|^ iit08t liavo 
been situated in about 36 degrees, of nortx lali^yit; ito longi- 
tude is said to hare been 10 degrees east of Alexandria. 

Comparing the time of an equinox observed by himself with 
one of those observed by Ptolemy, Albategnius^ finds. the 
interval to be 743 years 185.75 days ; whereas, had the year 
consisted of 365j days, that interval would have been 743 
years 178.73 days ; the difierence between these, being divided 
by 743, gives 0.00944 days for the excess of 365j days above 
the true tropical year; which, therefore, he makes equal to 
365.24056 days, a quantity nearer the truth than the length 
assigned by Ptolemy, but, still, too small. By the observed in- 
equality in the length of the summer and winter half years, and 
by a method similar to that of Hipparchus, he finds the longi- 
tude of the solar apogeum to be 2® 22° 17' ; the maximum 
equation of the centre to be 1*’ 59' 10", and the double eccen- 
tricity, 0.03465, the mean distance of the sun from the earth 
being unity: these quantities, though rather too gi'eat, also 
approach nearer to tlie trutli than those found by Ptolemy. 
If Albategnius compared the place he had found for the sun’s 
apogeum witli that assigned to it by Ptolemy, [2* 5*’ 30'] he 
must have discovered the progressive motion of that point, and 
dividing 16® 47', the difierence of the two places, by 740, the 
number of years in the interval, it would have been found equal 
to about 80 seconds yearly ; this includes the movement caused 
by the precession, and exceeds the trutli by about 17 seconds, 
which may be easily supposed to have arisen fi’om the inaccu- 
racy of the observations ; but there is no certainty that, in this 
age, such comparison was made, or that the Arabians had then 
suiy fixed ideas concerning the proper movements of the apsides 
or even of the nodes of the planetary orbits ; for Alfraganus, 
who also lived in the ninth century, in speaking of the general 
precession ^ ascribes it to a motion of the sphere of the fixed 
stars* which (agreeably to the determination of Ptolemy) he says, 
is at the rate of one degree in 100 years ; and adds that the 
seven planetary spheres are turned with the same motion, so 
that the apsides and nodes revolve in consequentia, and de- 
• De Scientia Stellanim, caji. 17. iaementa Astron., cap. 13* 
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century^ from obowatiotia s<M moi^ 
titOBe of Albategmud, Iboo^ h» p^cmed in tbe Apog^tmi 
the mUa( orbit, a retrograde movem^t equal to 4 degree in 
1^ years ; and, combiniug tids witb tihe progiesatre metier 
finmd from tbe observations of the last moDtioned asfroxmmieiV 
he supposed the apogeum to have a libratory moveuieiit whicl^ 
with an obsemd variatioii in the eccentricity, he represented 
by maldng the centre of the snn^s orbit revolve On the ciicum 
ference of a small circle, while the line of the apsides moveo 
always parallel to itself. 

Albategnius seems, as Ddambre observes, to have* made no 
change in the values assigned by Ptolemy to the elements of 
the lunar orbit except as far as the motion of the sun is con- 
cerned, which, on account of the diminished value of the year, 
he makes more rapid than it had been supposed by the last 
mentioned astronomer. His observations of eclipses enable us, 
by comparison with those made in more ancient and modem 
times, to verily Uie mean motions of the moon ; and from two 
of these, which he observed in the years 883 and 001 of our 
era, when the sun was in apogeo, and when, in both, the moon 
had nearly the same mean longitude and latitude, he finds a 
difference in the true latitudes of the moon equal to 3^ 50'^‘ 
hence he calculates the visible diameter of the moon, and 
assuming, with Ptolemy, the diameter of the earth's shadow in 
the region of the moon to be of the diameter of that liimi- 
naiy, be finds the latter, in apogeo and perigee, to be 
30" and 38' SO" respectively, and, subsequently, the sun's mean 
distance to be 1108 semidiameters of the earth. 

We have before observed that the ancients could have had no 
correct notions of the distances of the planets from the ; 
i and rince Pttdemy observes that their parallaxes, probabfy 
meaning those of the superior planets, were insensible, he must 
have thdugl^t them incalculably remote ; but we learn frehn 
Albategmos that the philosophers before his time,* and dubse- 
qu'ently to that of Ptolemy, had assigned limits to the real or 
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it)^i^gii%<My ftpiheies of the iraodering 
about the eailh, or the centre of the unitefse^ .A 
firom thence, there exist the several regions of earthy waieiv 
air, and lire; the last of which extends as high as iSj 6<uni- 
diameters of the earth. In ah the space beyond this there 
exists, he observes, an ethereal matter, or filth essence, which 
he d^ominates AUmrj not cognisable by human senses, and 
in which the celestial bodies perform their revolutions. 
planetary spheres are said to be in contact with eadh other, 
and the thickness of each, equal to the difierence between the 
apogeal and perigeal distances of the planet itself: thus, the 
distance of the lunar apogeum from the earth being equal to 
64 g semi-diameters of the latter, this quantity becomes the least 
distance of Mercury, or that of his perigeum ; and the ratio 
between the perigeal and apogeal distances of this planet bdng 
found (he states) by careful observations to be as 1 to it 
will follow that the greatest distance of Mercury, and, conse- 
quently, the least distance of Venus, from the earth, is 166 
semi-diameters of the latter. The ratio between the least and 
greatest distances of Venus is said to be as 2 to 13 ; and hence, 
the latter, which he makes the same as the least distance of 
Mars, becomes 1079 semi-diameters. Tlie proportion between 
the least and greatest distances of Mars is said to be as 1 to 7 ; 
therefore the latter is made equal to 7553 semi-diameters ; in 
like manner the distances of Jupiter and Saturn are determined, 
and the greatest distance of the latter is said to be equal to 18094 
semi-diameters of the earth. There is some mistake, however, 
in the numbers expressing the least and greatest distances of the 
two last planets ; for, if those given in the work of Albategnius 
axe correct, the orbits of those planets must have been supposed 
to intersect each other : also the least and greatest distances of 
the sun are said to be 1079 and 1137, so that the sphere of this 
lunfinary seems to be part of that of Mars. With respect to 
the fixed stars, it is said that twelve of them ore of the first 
magnitude, and their distance from the earth is supposed to be 
equal to 19000 semi-diameters of the latter ; evidently intending 
to shew that those bodies are contained in a sphere whose iute- 
* De ScientU Stellarum, cap. SO. 
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one twenties of the duuneter of the «Am, and dda he 
as the greatest body in the tiniyeise. 

Alfiraganus assumes the same hypothecs concerning die ar- 
rangement of the planetary sph^s as that above described; he 
also supposes the apogeum of each to be at tbe same instance 
from th^earth aS the perigeum of the next superior f»lanet, and 
there is tiot that confusion in the situations of the spheres of the 
sun and Jupiter which is observed in the account given by the 
former astronomer ; but, except the sphere of the moon, to which 
he assigns the same magnitude that it has in the system of Alba- 
tegiiius, all the spheres, if the numbers in the text arp correctly 
stated, are rather more extensive ; the greatest distance of the 
sun being 1220 semi-diameters of the earth, and that of Saturn, 
20110 semi-diameters \ sThis writer, in the sixteenth chapter of 
the same work, has given his determinations of the eccentrici- 
ties of the deferent spheres, and the diameters of the epicycles ; 
which, however, agree, very nearly, with those obtained by 
Ptolemy, and which we have already mentioned. 

These erroneous notions concerning the distances of the planets, 
besides leading to the opinion that the shadow of the earth should 
extend beyond the orbit of Mercury, and cause that planet to 
suffer eclipses like the moon, produced some discrepancies be- 
tween the theoretical and observed values of the parallaxes ; we 
have ^id that Ptolemy supposed the parallax of the sun^to be 
3 minutes ; and, according to the above hypothesis, the parallax 
of Mercuiy should have been equal to that of the moon, both of 
which are far from being conformable to observation ; in order, 
therefore, to diminish the errors, Ibn J ounis, at the end of the 
tenth centuiy, enlarged the sphere of the sun, making his mean 
distance from the earth equal to 1766 semi-diameters of the latter, 
and the perigeal distance of Mercury equal to 1 15 semi-diameters; 
by which the sun’s parallax jvas reduced to 2 minutes,' and tbe 
greatest parallax of Mercuiy, to 30 minutes ; but both of these 
are stUl much too great ; and the maximum parallax of Ve^us, 
which, in reality, exceeds that of Mercury, was made equAl only 
* iilanmua Aatnm., cp. 31. 
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to flie minimum parallax of the lattear {danet. .Ahoiot the 
of the twelfth century AlpetragiuSi another Arabian aatMoom^* 
held the notion that Mercury and Venus shone hy their own 
light * ; but this idea seems to have arisen from the finpossibiiity 
of distinguishing them by the nahed eye when they come be- 
tween tlie sun and the spectator, or of perceiving the crescent 
form which, if enlightened by the sun, they should assume when 
nearly in conjunction with that luminary. Averroes, however, 
in his commentary on the Almagest, states that he saw Iwo daiic 
spots on the sun at times when, by computation, Mercury and 
Venus were to be in conjunction with him ; and though it is 
probable that these were, merely, extensive displacements of the 
luminous matter about the nucleus of the sun, yet the opinion that 
the transits, as they have been since called, of these planets were 
phenomena resulting from the positions of their orbits is thus 
proved to have been then entertained ; and the fact tliat the pla- 
nets are opaque bodies must have been considered as established. 

A fragment of a work on die Arabian astronomy, which was 
composed at the end of the tenth century by Ibn Jounis, whom 
we have mentioned above, and which has fortunately been pre- 
served in manuscript, was a few years since translated by M. 
Caussiii, and is particularly valuable since it affords the means 
of making comparisons of the elements of the sun, moon and 
planets, found by obsen^ation, at that time, with those previously 
and subsequently determined in like manner. The author of the 
work was a descendant of a noble family, and pursued his re- 
searches at Cairo under the patronage of Hakcm, the Khaliph of 
Egypt, to whom he dedicated an improved series of astronomi- 
cal tables. From several observed equinoxes and solstices he 
computes the elements of the solar orbit ; he fixes the obliquity 
of the ecliptic, in the year 1000, of our era, at 23® 35', and de- 
termines the equation of the centre to be 1® 10''; t&e value 

of the latter is much nearer to the truth than that assigned to the 
element by Hipparchus, but, as Delambre observes, it is too 
great, for the age of Ibn Jounis by 1' 10", and is not quite so 
correct as the value found by Albategnius. He makes the length of 
the tropical year, from the same observations, equal to 365.24235 
days, which does not exceed the truth by above 8 seconds. He 
* Ricciolus Almag. Nor. 
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which also nearer the tmth than the longitude ^ren hy 
Ptolemy but, like the last m^ilicmed astimom^, he seems to 
consider the apogea and nodes of all the planetary orbits to be 
stadonaiy in the heavens^ since he makes the increase of their 
longitudes equal to the retrogradatioh of the equinoctial points* 
He makes few changes in the elements of the lunar mrbit, but, 
as he determinesihe equation of her centre by means of eclipses, 
the equation of erection remains as it had been determined by 
Ptolemy. Besides the elements of the solar and lunar orbits, 
the Arabian astronomer has given the times of several conjunc- 
tions of the planets ; occultations of stars by tlie planets, and a 
register of several observed longitudes of Regulus, of which, that 
made in the year 976 of our era, is equal to 4* 15® 6' ; and 
from this, by comparison with the longitude assigned by Ptolemy, 
866 years previously, the annual precession would appear to be 
54 seconds ; but if the comparison be made with the longitude 
found by Hipparchus, 1142 years previously, the precession 
would be 48^ seconds, and if, with the longitude assigned to 
the same star in the year 1820, which is 844 years from tlie date 
of die observation made by Ibn Jounis, the annual precession 
would be found equal to 51 J seconds ; and these two last com- 
parisons may be alleged as proofs that the observations, both 
of Hipparchus and the Arabians, were superior in accuracy to 
those of Ptolemy. Albategnius had also determined the value 
of the precession by comparing the longitudes of Regulus and of 
the northern star between the eyes of Scorpio [i3 Scorpionis], 
both of which were observed by Menelaus, or Milieus, in the year 
842 of Nabonasser, with the longitudes of the same stars ob- 
served by himself in the year 1627 of Nabonasser [a. c. 880] ; 
cmisequently at an interval of 785 years * ; and the conclusions 
to be drawn from the data he has mentioned are that, by the 
former star, the annual precession in longitude is 68.6 seconds, 
and by the latter, 54.25 seconds: the difference is very consi- 
derable, and proves that there must have been great errors in 
some of the observations ; but Albategnius adheres to the last 
determination, which, however, is too great by above 4 seconds* 
The same astronomer adds, that be found no perceptible diffesi 

* De Scientia ^tellarum, cap. 51. 
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ences in the latitudes of the stars; and^ in &ct, the changei^of 
their places with respect to the ecliptic are too small Jo hare 
been sensible in observations made with such instnsmants as were 
then used. 

During the long interval which had elapsed since the time of 
Ptolemy, it docs not appear that any attempt was made to ooir 
reel the errors in his tables of planetary motion which, ^in a few 
years, must have been very perceptible ;* tliis was, probaldy, first 
done by the Arabians who, however, could only have employed, 
for this purpose, equations of an empirical nature, being neces- 
sarily ignorant of the mutual perturbations exercised by the son, 
moon and planets upon each other, by which so many of the 
variations in their movements are produced. The first of the 
Arabian tables were, probably, those of Albategnius, which shew 
the places of the sun and moon ; they appear to have been com- 
posed about the year 879, and to be but an improvement on the 
tables of Ptolemy. The most celebrated are those of Ibn Jounis, 
which are referred to the year 1000 and, being dedicated to the 
Khaliph Hakem, were designated the Hakemite tables ; and sub- 
sequently to these, the tables of Toledo were calculated by Arza- 
chel, who lived in Spain about the year 1180. It is highly probable 
that, in the times of Hipparchus and Ptolemy, epbemerides 
were calculated for the purpose of facilitating the investigations 
of astronomers ; but there can be no doubt that the Arabians 
were in the practice of executing such works, since they are 
alluded to in a letter of Thebith, fix>m which it appears that they 
diewed the times of the new, and full moons, and predicted the 
occurrences of eclipses. In their tables of the fixed stars they, 
no doubt, corrected the places of these celestial bodies from the 
catalogue of Ptolemy by applying the amount of the precession 
in the interval, but, as the corrections were made by persons who 
estimated this element top highly, the longitudes they assigned 
cannot be expected to agree with those found, for that age, 
by confuting backward, with the data afforded by modem 
observations. 

On contemplating the works executed by the Arabians, we 
cannot hesitate to admit that the modem astronomy is much 
indebted to that ingenious people for the corrections they made 
in almost every one of its elements ; which, consideriitg the 
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pUdbed^bjr aai almost nn^CTupted appU^mi to tW |!me;^ 
of obsemng the heavens: we have ahewii that ihej had dei^* 
mined tlie obliquity of the ecliptic; and it is fc^d that !tlte 
result of their investigations, though affected by^ thw mror oon«, 
earning the sun’s parallax, is so &r conformable to the theory 
of gravitation as to indicate the piogresdve diminution of that 
element; a Khe conformity, and a like indication ,is also pca> 
ceived in the value they assigned to the equation of the sun’s 
centre. The length they found for the tropical year, and their 
determinatiron of the place of the sun’s apogeum are, both, within 
a few seconds of the truth ; and their tables of planetary motions; 
being compared with those of recent construction, co:gifirm the 
secular equation of the moon and the great inequalities of Jupiter 
and Saturn. To all which we may add their many observations 
of eclipses, and of the conjunctions of planets ; their employ- 
ment of the method of fixing the time at which any phmiomenon 
occun*ed, by the contemporaneous altitude of the sun, and the 
veiy accurate rule for correcting the calendar, by the intercala- 
tion of eight bissextile years in every thirty-three current years, 
proposed by Omar Cheyan about the year 1079 of our era ; and 
the whole will furnish a very interesting picture of the learned 
labours performed by this remarkable race of men within little 
more than two centuries : during this brief period their science, 
as well as their political power, gleamed like a meteor and then, 
suddenly, vanished from the sight. 

The immense size of the instruments used by the Arabians 
must have given them advantages over the ancient astronomers 
with respect to the accuracy of the observations ; it is said thfltit, 
in the year 995, the obliquity of the ecliptic was measured with 
a quadrant whose radius was 15 cubits ; and in 992, with an 
instrument whosei*, radius was equal to 40 cubits, or abopt «li8 
feet: but it may be doubted whether, in genera], the advantage 
are proportional to the magnitude of the instruments, from the 
difficulty which must attend the performance of the requisite 
adjustments. * 

Zn this glance at the works of the Arabian' astronomers we 
must not omit to mention that they corrected their obaeryations, 
at least when made on celestial bodies neat the horizon, on ac- 
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tnbotediimt^ to give item uraperiofity in pc^/C(f itiscuiucgr 
oyer those of the Greeks. It is truoi that the phmioiii^a of re-f 
fiuctiou must have bemi knowB to Ptolemj) amce he speaks oi 
them in his work on Optics, but "he does not notice the subject 
in the Syntaxis where the application of it would have been of 
great importance ; and this has induced an ofunion that he bad 
not discovered those phenomena till after the composition of that 
work ; it is evident, therefore, that the observations made by this 
astronomer, as well as by all those who preceded him, on the appa- 
rent places of stai's, must be affected by this cause of error. 
It is worthy of observation also, that some of the phenomena 
of the refraction of light must have been known before the time 
of Ptolemy; since Cleomedes* makes an allusion to the well- 
known experiment of rendering visible a ring, or other object, 
when placed in a vessel, by filling the latter with water V this is 
the first notice extant concerning the effects of refiraction ; but 
it is connected with the erroneous notion, prevalent among the 
ancients, that in vision, the rays of light proceed from the eye 
to the object. Alhazen, the author of a treatise on refiraction, 
was the first writer who gave a reason for the apparent magni- 
tude of celestial bodies in the horizon ; he ascribes it to a tacit 
judgment formed by the mind firom the idea which, in that situ- 
ation, is entertained of great distance ; and this, he observes, is 
excited by the number of terrestrial objects then perceived be- 
tween the celestial bodies and the spectator. 

The astronomy of the Arabians was, at the decline of the em- 
pire of theKhaliphs, and ^out the time of the revival of learning 
in Europe, cultivated in the northern part of Persia : from an 
Arabian MS., the writer of whichlived in the thirteenth century, 
we learn that a grandson of Gengis-khan took into his service 
Nassir-Edin, an Arabian or Syrian astronomer, by whose direc* 
tion an observatoiy was built at Maxagah where, fit>m the year 
1261 , were made a number of celestial observations which the 
mathematicians of the prince used for correctiug the tables of 
Ptolemy ; these new tables were afterwards published and, bmng 
dedicated to the Tartarian Prince Ueban, they, ftpm him, received 
the denomination of the Ilcanic tables. The observatmy 

* De Mundo, Lib. TI. cap. 6. 
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rays of tbe sun passing, indited the boor of Ibe ds^ aad^io 
altitude of tbe luminaiy. Hie instromdats uscmI in tbe obsm-a^ 
tions appear to hare been edniiUr to those of F|pleiny and ike 
Arabians ; the i?rriter of tbe MS., in enumeratiiiig them, mentions 
an armillary sph^ which was to be employed when the celds^r 
tial body was notion the meridian, and on whose alidade he pro- 
poses that there should be a tube to protect the eyes ; probably 
meaning that it should eohtain some coloured transpaimit sub- 
stance similar to the dark glasses at present employed when 
viewing the sun. In describing an instrument to measure the 
diameter of the moon, he says its alidade should cany two plates, 
of which that next to tbe eye should have a small aperture 
pierced in it ; the other, a larger, and the latter plate should be 
moved forward or backward till the full moon exactly filled its 
aperture } then a scale graduated on the alidade served to deter- 
mine the value of her diameter. 

The last circumstance of importance connected with the astro- 
nomy of that part of the world^is the construction of a magnificent 
observatory at Saraarcand, about the year 1400, by Ulugh Bdy, a de- 
scendant of Tamerlane : this prince caused the obliquity of the eclip- 
tic to be measured with a gnomon of great dimensions, and a cata- 
logue of stars to be formed ; in the preface to this work, it is stated 
that there are eight stars marked in the catalogue of Ptolemy 
which could not then be found in the heavens, and among these 
are mentioned six unformed stars near the southern fish. Bailly 
observes that these six have not since Jbeen madeed in any cata- 
logue ; whence he thinks it probable that they may have disap- 
peared between the times of Ptolemy and Ulugh Bey, for, since 
four of them were, according to tlie former astronomer/ of the 
third magnitude/ it is not likely that they would have found a 
place in his catalogue if they had not ‘then been viitible in the 
heavens. " A work on astronomy, composed by order of tiie Taar- 
tarean prince, was, in 1665, translated by Greaves and Hyde: 
it contains a series of tables which were considered preforable to 
those of Nassir-Edin, and are admitted by Delambre to be fole- 
rably exaCt for the age in which they were computed. 
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CHAPTER XV. 

THE ASTEONOMY OF THE ANCIENT . 

Tlie antiquity of the Hindu astronomy inferred from thmr tahles*^The 
four Hindu ages supposed to he founded on astronomical periods. — Frohahle 
source of the eastern fables oonoeming the renewals of the earth.— Sitoatkm 
of the point at which the Hindu aodiao commences. — Length assigiied by 
the Hindus to the solar year. — Epochs of Hindu tables. — Erroneous value 
assigned by the Hindus to the precession.— Observations on' the elements of 
the Hindu Tables.— The planetary system of the Hindus similar to that of 
the Greeks. — Instrumental observations were made by the Hindus. — Lunar 
periods known to this people.— Probability that the Hindu astronomy la 
formed by improvements on that of the Chaldeans, Greeks and Arabians.* 


The great antiquity of the Hindu astronomy has been the sub- 
ject of much discussion among the learned of Europe ; on the 
one hand, the evidence afforded by the tables brought from the 
countries on this side of the Ganges leads to an opinion that the 
science had been cultivated there long before the Noachian 
deluge is supposed to have taken place ; and on the other hand, 
the entire absence of all notice of these tables and, indeed, of 
any circumstance connected with the science or history of a pe- 
riod so remote, not only in any Sanscrit writing known to exist, 
but in any document relating, to the learning of the neighbouring 
countries, Assyria and Persia, where the practice of observing 
the heaves, in veiy ancient times, was’diligently pursued, and 
where such works, if then in being, could not have been un- 
known, gives rise to a well-founded suspicion that the tables may 
have been fabricated in a later age. We are to add to this, and 
the fact isfaighly confirmative of the suspicion, that in the immense 
intmal betwe^ the epoch of the tables and the probable origin 
of the modem astronomy in India, no traces appear that the 
science was cultivated in that part of the world, where yet it is 
supposed to have been, previously, brought to a state of great 
perfection. Even if we admit dU that has been alleged cod ^ 
ceming the antiquity of astronomy ; since every monument of its 
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existence must have perkhed whm ibe first pfailbiopliarg fym 
Emopc^Tiifited ^ibe East, that scienee was^ to themi as. thoag^ 
it bad nevar been ; it was to be anew discovered, and its gradual 
rise can only be traced in the few accounts which have been 
transmitted to us, of the Egyptians, Chaldeans and Greeks. 

But if the astronomy of the Hindus pretends to an antiquity 
which must be allowed to be of a doubtful character, their chro- 
nology, if understood Uterally, goes back beyond all tbe limits 
of probability. In the Institutes of Menu, the most ancient 
Sanscrit work in existence, and which Sir William Jones sup- 
poses to have been written 880 years Before Christ, is a passage 
from which we learn tliat this people supposed there had been, 
and would continue to be, an innumerable succession of periods 
of time, each consisting of many millions of years, and each 
terminated by a destruction and a re-formation of the universe. 
These periods are divided into yugas or ages of various lengths, 
but all of them are multiples of the least, which is called the 
Cali-yuga, and is said to be equal to 1200 years of the gods, each 
of which the Hindus pretend to be equal to 360 years of man- 
kind ; one of the latter years being supposed to be a day of the 
gods, and 360 such days constituting one of their years ; ac- 
cording to this mode of reckoning, tlierefore, the Cali-yuga 
should consist of 432000 common years. Ten of these periods 
constitute one Maha-yuga, and one hundred or one thousand 
Maha-yugas, for the number is variously stated, make the period 
called calpa, which is said to be one day of Brahma. The 
Hindus suppose the present world to have been created at the 
commencem^t of this last period, and nearly half the period , to 
be now past. The Maha-yuga is divided into four parts, of 
which the most ancient, called Satya-yuga, or the golden age, 
consists of four Cali-yugas ; the next, called Tr6ta-yuga, or tbe 
silver age, consists of three ; the third, called Dw4par-3mga, or 
the brassmi age, of two; and the fourth is the Cali-yuga, in 
which we live; this is denominated the iron, or ooimpt.age; 
and these denominations afford another proof in ad&tion to the 
many that may be offered of the propensity of men to conrider 
tbe world as having deteriorated in the course of time ; and &eir 
own, as worse than any of the preceding ages. 
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All Eim^eans who ha^e ocnaameiited lap^ iJapeae pe* 
lioda ags^ in congidering them as aetzmoimea^ but t^y diffissr 
much in their maimer of interpreting them ; an impexfi^t know* 
ledge of the retrogradation of the equinoctial points^ which the 
Hindus, like the Arabians, supposed to be at the rate of 64 ae* 
conds yearly, might have led to an opinion that those points 
performed a revolution through the ecliptic in 24^000 years ; and 
this period, multiplied by 18, which is the number of years ex* 
pressing nearly the time of a revolution of the moon’s nodes, 
would have given 432,000 years, the value of the fundamental 
cycle above mentioned : and Mr. Davis, in a dissertation on the 
astronomical calculations of the Hindus argues, from passages 
in the Sourya Siddhanta, that the Malia*yuga is a period formed 
by the continual product of the times expressing the periodical 
revolutions of the equinoxes, of the moon’s nodes and apogisum: 
he also considers the Calpa to express, in like manner, the time 
to elapse between two consecutive conjunctions of all the planets 
with their nodes and apogea, at Uic commencement of the Zodi- 
acal' constellations. Hic values, moreover, which have been 
above assigned to the Hindu cycles do not appear to have been 
universally adopted in India ; for, according to Mr. Crawford 
the Hindus of Bali estimate the Maha-yuga at 15^025 years, in- 
stead of 4,320,000 years ; and this period has, very probably, 
been formed from some erroneous determination respecting the 
movement of the equinoxes. 

But though we should admit that the values of the above periods 
may have been given for those of cemin astronomical cycles, it is 
no less probable that they have some relation to circumstances 
in the political history of the Hindus ; the division of time into 
four ages is not pecuUar to the people of India ; indeed it was 
universally adopted by the anciepts, and the periods in all cases 
seem to have designated the durations of particular races of 
sovereigns. Thus, in the iabulous chronology of Egypt given 
by Mimellio, we And mention made of three ages, preceding 
those of historical times, during which the throne of the 
countxy was said to have been occupied by gods, deim-gods and 
Manes: from the Zend-Avesta we learn that the ancient Pentians 
* Asiatic BeMndiw, vfAAu 
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the su|)rme Deity had divided 'ihe dimdtoh of 
^orld^ to the Diris, the Pens said men ; and fte Hindus place 
in the three first of the above mention^ periods, respectively, 
the reigns of Gods, of Fidar Devata and of men : even the 
Chinese appear to have made a similar approjniation of &e diyi-* 
sions of time, for, according to Pere de Mailla, three royal races 
are pretended to have succeeded each other in thrir country ; 
the Tien-hong, or kings of heaven ; the Ti-bong, or kings of the 
earth, and the Gin-hong, or kings of men ; and these last are said 
to have terminated with Fohi. The four ages mentioned by 
Hesiod*, in which Jupiter successively created and destroyed 
four races of .men, are familiar to every classical scholaf. 

That the origin of the earth may be placed far beyond the 
epoch of our earliest histories, geological facts seem to prove ; 
but, as no fossil remains of tbe human race are found, we have 
no reason to believe that the earth was the abode of man before 
the period assigned to his creation in the books of Moses : it is 
not, however, surprising that the ancients, if they held from 
tradition or otheiwise, that the creation of the earth or universe 
bad taken place in times vciy distant from their own, should 
have considered the human race to have existed also firom a 
period equally remote ; since a world unoccupied by intelligent 
beings must have appeared to be a work of the Deity without 
an object The present state of the earth affords also indubitable 
evidence that it has been ^bject to several grand convulsions 
by which its external surface has been remodified ; and we may 
reasonably suppose, that the time immediately preceding the 
creation of man was the epoch of one of these convulsions, 
while that of the Noachian deluge may be considered as marking 
tbe occurrence of another. Some early intimations of these 
changes, or a view of the constitution of the earth near its sur- 
fece may, it is easy to conceive, from the propeg^|^f in- 
land to multiply and embellish every naturiSfie toji^ 
extraordinary nature, have led the Hindus and Persians of old, 
to invent the fiibles related in their writings concerning the 
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]^e<^e, tnty have oiigtnated the stiny ftat iSbsd iinjiM 
iietwedj after a deluge, at the eommenceinent of ea;dh menu, or 
period of 12,000 years, of which periods, it is said, riie preset is 
the seventh *. The author of the Persian mandscript, 
supposed to have been written in the twelfth century, h.ahK>^ 
relates, from a woa^k ascribed to Zoroaster, tliat the Sil|vreme 
Deity bad fixed 12,000 years for the renewal of the world ; that 
the world remained free from evil during 3000 years, when 
Ahriman appeared, and then, during the next 3000 years pre- 
vailed a state of unmixed evil ; from the end of the last period 
to present time, the good and evil are said to have been 
blended together^ : that there is some connection between the 
Hindu and Persian legends seems probable, from the equality 
of the periods just mentioned ; and from the circumstance that, 
in one of the latter, according to Wilson, the bird Simurgh is 
introduced telling Caherman she had lived to see the earth seven 
times filled with creatures. 

The observed movements of the sim and moon had anciently 
led to the mtosurement of short periods of time, as days, months 
and years, within which, many of the processes of nature are 
continually renewed ; and it wa& natural to conclude, by analogy, 
that the general conjunctions of the planets and the revolutions 
of their nodes and apsides were epochs of the physical changes 
undergone by the earth itself. 

Several works composed in the ^bpscrit language and relat- 
ing to the astronomy of the Hix^s, have lately been made 
known to the Europeans, and of these, the most ancient extant 
is the Souiya Siddhanta, which is pretended by that people to 
have been revealed from Heaven two miQions of years since, 
but which, from the composition of the tables it contains, and 
from the evid^oes afforded by their own histories can be shewn 
to hay^ : long since the commencement of the 

ChrillMppi^lij^lBentley, in a paper on the Hindu systems 
of Astronomy iias examined the tables ; and fitun the different 
elements of their construction, (among which are the assigned 

* Wilson on the Chronology of the Hindiu. Aaiat. Research, voh v. 

^ Zend. Aresta, Tom. II. Art. Bounddiesch. 
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lidtk&e^sanieid^eiils computed ,l»>mnio&ni laldes for^^^ 
.xmit^t>eiiode 9 *lie finds tliat the dirar$ of tibe tables axe the least 
al two ^ochs which are the years 409 and 9M Afbor ClMst; 
1lmn^aj^;mng that the eiTorB of astroimmical tahles, if the elme^ 
are d^rmined from observation, should be the least at the epoch 
fb|^. which they are formed, he infers that the tables and, consO'^ 
qu^tly, the work itself may have been composed at a time not 
earlier than one or the other of these pmods. It is to be oh- 
served that the Bhasvotee, another astronomical work, was, ac-* 
cording to Bentley, composed about a. n. 1100 by Sotomund, 
who, it is alleged by the Brahmans, was a pupil o£ Vaiali4 
Mihira, the supposed author of the Sourya Siddhanta ; and this 
circumstance would seem to shew that the latter astronomer 
lived, and that the Sourya Siddhanta was written about a. n. 
1000^ the last of the two epochs deduced from the tables: but 
Varaha is thought to have flourished at the earlier period, and, 
in a commentary on the work, the latter is expressly ascribed to 
him% the difficulty may, however, be removed by^ supposing 
that, in designating Sotomund as the pupil of Varaha, the Brah- 
mans only meant that he was a disciple, in a subsequent age, of 
the school founded by that astronomer. Mr. Bentley also remarks 
that, from observations recorded in the Parasari Sanhita, com- 
pared with others made by Brahma Gupta, the author of an astro- 
nomical work entitled Bratea* Siddhanta, in which Varaha is 
quoted by name, the solst^m colure had mtrograded 23^ 20' 
in the interval between the observations : he supposes with the 
modem Brahmans that Brahma Gupta lived about a. n. 527 ; 
anil as the above retrogradation courctsponds to ar period of 1680 
years,, it follows that the more ancient observation must have 
been made about the year 1153 b. c., and that Parasara must 
have flourished in the same age. 

If the statements made in the Sourya Siddhanta may be de- 
pended on, we have the means of fixing with predrion the point 
in the ecliptic which the Hindus considered as the migin df 
their zodiac : since, according to Bentley, it is there asjmrt- 
* AsiatSc Besearches, VoL VIII. 
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sun was then at the conweiieein^t'of 
lalinns, and that the latter was in eohicidenee wi A the 
4kd pmnt^ because, it is hnoWn that the astronondcd jrellF of th4 ' 
Hindus was sidereal, and that it was the practice of Uii^p^|B^e^' 
to consider the arrival of the sun at the origin of the os^"' 

the commencement of the year. Now, between a. n. 49^ a#d 
A. n. 1820, [1321 years] reckoinng the precession to be 
yearly, the equinoctial points must have retrograded 18® 2S' 8 ", 
and, as the longitude of Aldeboran at the latter period is known 
to have been 67“ 16' 27", it is evident that, at the former, the 
vernal equinox, and the ori^ of the Hindu zodiac must have 
been situated 48“ 53' 24" westward of that star ; that is near 
f Piscium, or about 12 degrees westward of the first remarkable 
star in the constellation Aries. ' And, again, computing the re- 
trogradation of the equinoctial points for 3601 years, which are 
supposed to have elapsed between the commencement of the 
CaH-yuga and the year 499 of our era, we find it to be 50® 6' 
50 "; or the vernal equinox was, at the former period 1“ 18' 26" 
eastward of Aldebaran. The place thus found for the origin of 
the fixed zodiac agrees veiy nearly with that deduced fi*om an 
observation of Brahma Gupta, for, according to Bentley, that 
astronomer makes the longitude of Spica Virginis equal to 6* 
3®, which indicates the beginning of the sixth centuiy, and as 
the difii^nce of longitude between^^his star and Aldebaran is 
known to be 4* 14“ 3' 22", the longitude of the latter, or its dis« 
tance fi-om the origin of the zodiac, at the same epoch, must 


have been 48® 56' 38". 

But M. le Oentil learned fiom the Brahmans of Triavelore, a 
town on the coast of Coromandel, that 20,400 years before the 
commencement of the Cah-yuga, the fixed origin of the Hindu 
zodiac was in coincidence with the vernal equinox, when, also, 
the sun and moon was in conjunction ; and that a like coinci- 
^ dence of the fixed and moveable zodiacs took place in the year 
3600 of the same period * : now the sum of these is 24,000 
years, within which the equinox must bare been supposed to 

* B8ni)r Asfiron. Ind. C^p. VIIL 6eet.S. 
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retrojgrade through the*wbole circumferonce of the ocliptie;, cour 
flu3sy mu&t have considered the aimaal precession as 
equ^l to 54 seconds ; and, between the origin, ai^ thei year 3600 
of the Cali-yuga, the equinoctial points must have been sup- 
posed to retrograde 54 degrees, which implies that the vernal 
equinox, at the former time, (3101 b, c.,) was situated at the 
distance of 5" 6' 36" eastward of Aldebaran, instead of 1^ 13' 26" 
as found above. The difference is nearly 4 degrees, but it is 
impossible to determine whether it is caused by. any error in the 
Jiccount given by Varaha, or in tliat wluch was communicated 
to Le Gentil: it is evident, however, that the coincidence as- 
serted to have taken place, at the most ancient epoch, is only a 
result of computation, arrived at by reckoning backwards, from 
that mentioned by V^araha, vrith the erroneous value of the pre- 
cession which the Brahmans had obtained by other means. 
M. Bailly admits that thejepoch itself is fretitious, and formed 
from the supposed discovery that, in 20,400 years, there are 
very nearly 272,724 complete revolutions of the moon. 

From the place assigned to the winter solstice, by the Pemian 
astronomer, Omar Cheyan, who lived in the year 1079 of our 
era, M, Bailly finds", by compulation, iliat at the supposed in- 
vention of the Persian calendar, which he places in the year 
3507 Before Christ, diis point M^as in the 13th degree of the 
constcUalioii Aquarius, while, at the same period, the corre- 
sponding point in the Hindu zodiac was in the first degree of 
the same constellation ; and because, with respect to the fixed 
stars, the commencement of the Persian zodiac then coincided 
with that of tlie zodiac in the modem astronomy, he infers that 
tlie latter was adopted from the former ; but when we consider 
the uncertain groimd on which this supposed -antiquity of 
the Persian calendar rests, we are forced to conclude, tliat this 
derivation of tlie European zodiac is nearly destitute of proba- 
bility. 

A rejiresentation of a Hindu zodiac was brought by M. Le 
Gentil to Europe, and is described in the Memoires de VAcade^ 
mie des Sciences for 1772. It is divided ** into twenty^seven nac-. 

• Astron. Indienne, Disc. Prel. psg. div. and Ch. ix. Sect. 32. 

^ Ibid. Chap. v. sect. 30. 
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sliatraft, or constellations, and each division is, of course, „equal 
to 520' : one of them, denominated Rhonini, is distijgguished 
by five stars, the easternmost of which, bdug the most remark- 
able, is supposed by Bailly to indicate the beginning or end of 
one of the said constellations, and he decides that it must be the 
end of the fourth ; but four such divisions are equal in extent 
to 53' 20' ; hcncc it would follow, that the star represents Alde- 
baran, which, as we have shewn above, is about 49 degrees 
eastward of the fixed origin of the zodiacal constellations ; and, 
as the equinox is, in the monument, placed a little eastward of 
the star, it follows that it is about 54 degrees eastward of the 
commencement of the fixed zodiac ; whence the epoch of the 
monument would appear to correspond with the commencement 
of the Cali-yuga : but the fact that the above star is really to 
be considered as Aldebaran, is evidently very doubtful ; and, 
consequently, no rehance can be placed on the above conclusion. 
The division of the zodiac into twenty-seven constellations 
seems to have been but partially adopted in India ; for in the 
writings of the Hindus, the number of naeshatras is generally 
made equal to twenty-eight, which is tliat of the lunar mansions 
in the astronomy of tlic Persians and Arabians. In their astro- 
nomical tables it appears, from the rules prescribed for finding 
the longitude of the sun, that the zodiac was also divided into 
12 signs of 30 degrees each, like the zodiac of the Greeks ; and 
each sign has been divided into tliree parts of 10 degrees each, 
like the decani of the western astrologers. 

The same rules shew, also, that tiie astronomical year, both 
solar and lunar, was, by that people, divided into 360 fictitious 
days; and that the former was divided into twelve unequal 
months, so tiiat eaeh astronomical month contained the same 
number of days and fiactiou of a day that the sun takes to pass 
through each sign: a sexagesimal division of days, hours, &c. 
is also employed. But all the Hindu tables are formed on the 
supposition that the length of tlie sidereal year is equal to 365 
days, 6 hours, 12' SO"; and, as the annual precession of the 
equinoxes is also supposed to be 54 seconds, the tropical year 
must have been considered equal to 365 days, 5 hours, 50' 35" . 
it is not known tlmt this kind of year was, at any time, used in 
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India for civil or scientific puipos^, bfit it is evident^ in^lied 
in the Jiafti-solar period containing 19 years^ or 228 sokr 
monihs, which, in tlie Siamese astronomy, as in that of the 
Greeks, is made equal to 235 lunar months: each of these 
lunar months is proved by Cassini, from the precepts delivered 
in the tables brought from Si^, to be equal to 29 days, 12 
hours, 44'; whence he finds that the value of the tropical year 
must have been supposed equal to 365 days, 6 hours, 55' 14", 
which differs by only about 2 seconds from that found by Hip- 
parchus and Ptolemy, from whom, we suspect, the above periods 
were borrowed. The present value of the tropical year, in- 
creased by 10 seconds, which, according to La Place, is the 
amount of the diminution of its length in the time elapsed since 
the commencement of the Cali-yuga, gives, for the value of the 
year in that age, 365 days, 5 hours, 48' 58", which is less than 
the supposed determination of the Hindus by 1' 37" only. If 
this is to be considered as a proof of the accuracy of their 
equinoctial or solstitial observations, it will be evident that the 
value of their sidereal year, which is an important element in 
their tables, and which they made too great by 3 18", was 
merely computed, from that of the tropical year, by applying the 
erroneous precession [54"], and then it will follow that the 
conslniction of the tables was subsequent to the adoption of 
this value of the precession, which, in all probability, belonged 
originally to the Arabian school. 

Of the asti onomical tables received from India, the epoch of 
that which was brought by M. Le Gentil from Triavelore, 
boasts the highest antiquity, as it coincides with the commence* 
ment of the Cali-yuga, or rather with the second day after that 
commencement, and is found to correspond with the midnight 
between the 17lh and 18th of February, in the year 3102 
Before Christ: this particular year is known from the statements 
of the Brahmans themselves, who, according to Sir William 
Jones % assert that the year 1790 of our era coincided with the 
year 4891 of tliat cycle.. We do not pretend to lay much stress 
on clnonological coincidences, but Bailly considers that the 
date above assigned to the origin of the Hindu period is strongly 
* Asiatic Res, vol. 11, 
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conftraied by the &ct> that the number of years which elapsed 
between that period and the times of Nabonasser and Y^sdijird 
respectively, agree with those alleged by George of Trebizond 
to have inler\^ened between the deluge of Noah and the last two 
epochs: now, as the Cali-jruga is said by the Hindu writers to 
have been preceded by a deluge,, it seems to follow that the two 
deluges are identical, and, consequently, that tlie origin of the 
Cali-yuga and the deluge of Noah are to be referred to the 
same time, that is to the year 3102 Before Christ. But it should 
be observed that Bailly supposes his years to consist of 365 days 
only, and that this epoch is earlier by five or six hundred years 
than the date assigned to the general deluge by the com- 
mentators on the Hebrew Scriptures. 

The epoch of the tables brought from Siam in 1688 by M. 
De la Loubiere, the French ambassador to that country, is found 
by Cassini to correspond with the time of the vernal equinox 
in the year 638 of our era; and those of two other sets of tables, 
which were sent from Chrisnabouram and Naxsapour, are fixed 
for tlie years 1491 and 1656 respectively. The forms of these 
Hindu tables differ, but the elements of all appear to be the 
same; and it is thought that they were originally calculated for 
one meridian, which is that passing through Triavelore. The 
tables brought from hence assign the places of the sun and 
moon at the epoch, dieir mean movements and those of the 
planets; they show the obliquity of tlie ecliptic, the length of 
the sidereal year, the equation of the centre for the sun and 
moon and the precession of the equinoxes ; and they state that, 
at the same epoch, the sun, moon and all the planets were in 
conjunction. Now die longitudes assigned to die sun and moon 
differ but little from diose detem^ined for the year 3102 Before 
Christ by computing back, uith the modem tables ; but Bailly, 
calculating the places of the planets for the same epoch, or 
rather for fifteen days 01k it, (because the sun, at the time of 
the epoch, being supposed in conjunedon with the planets, his 
light would have rendered them invisible,) finds that, except 
Venus which was on the opposite side of the heavens, all the 
other planets were within 17 degrees of the equinoctial point the 
moon was then in opposition and, consequently, at the epoch, 
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•he also wa8_ in, or neatlj in coi^iinofioxu New it dost be 
admitted that the absence of one, only, of die planets and the 
presence of the others wiUiin 17 d^;rees of a certain point in 
the hearens might, to ordinary observers, be snfficioit to jus- 
tify tfie assertion that they wotb all in conjunction ; but the 
coincidence of the places of the planets, determined bjr*calcula* 
tion, with those stated to have been observed, is a very insuf- 
ficient proof of the reality of the observation, because, within 
such limits as those above specified, the Hindus might easily 
have computed a conjunction of the planets by using the Pto- 
lemean or Arabian tables, which there is nothing to prevent us 
from supposing they had received before the existing tables of 
Triavelore were formed. 

The latter tables, whose epoch we have said is more ancient 
than those of the others, arc acknowledged to be more correctly 
constructed than the tables of Chrisnabouram, which are believed 
to be more iiiodcni by 4600 years ; for Bailly observes* that 
these contain an empirical equation which is employed in de- 
teimining the elements of the moon^s orbit, and it is found that 
the elements thus determined agree very nearly witli those ob- 
tained directly from the former tables ; the inferences, therefore, are, 
that the Chrisnabouram tables could not have been computed 
from those of Triavelore, since, in this case, no such equation 
would have been required, and that the latter tables are the 
more modem of the two. To avoid this conclusion Bailly is 
compelled to allow that the Triavelore tables have been rec- 
tified by new observations since their original construction ; but 
this being admitted, all confidence in the alleged antiquity of 
the tables is destroyed, and it will be as easy to admit that the 
construction itself is of recent date. It is alleged by the Brah- 
mans themselves that in the days of Salivaganam, w'ho lived in 
tlie year 3179 of the Cali-yuga, or in the year 78 of our era, 
tlieir astronomy underwent a complete change and, if the epoch 
of that prince be correctly staled, it-afiords a presumption that 
the reformation took place by the introduction of the discoveries 
of Hipparchus. 

The estimates formed by the Hindus of the movements of 
” Astr. liid. Chap. 11. fiijct. 24. 
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the equinoctial points appear to liare been as uncertain as those 
of the Arabians, from which, indeed, tliey do not materially 
differ. Mr. Colebrook states^, that according to Bhascara, (who 
wrote in the twelfth century of our era,) in his description of 
the armillary sphere, ** the equinoctial points revolve, in retro- 
grade order, three myriads in a calpa”; meaning, probably, that 
30,000 complete revolutions take place in that period and, if 
we suppose the latter to consist of 432,000,000 years, as before 
shown, the expression will imply that the points retrograde at 
the rate of one degree in forty years. But, on tlie authority of 
the more ancient astronomer Munjahtj Bhascara relates that 
a revolution of the colures through the twelve signs takes place 
at the rate of 59" 54'" yearly, or of one degree in 61 years: 
except Munjala, how'ever, it appears that Vishnu-Chandra is 
the only Hindu author, more ancient than Bhascara, who is 
thought to have maintained the opinion that the motion of the 
equinoxes was constantly retrograde ; and we have before stated 
that, from a work ascribed to Aryabhatta, and quoted by Mu- 
niswara, as well as from passages in the Souiya Siddbanta and 
other W’orks, probably of the some age as this Iasi, die notion 
of a libration of the equinoctial points, within the limits of 24, 
or 27 degrees on each side of their mean jdaccs, was long pre- 
valent in India ; in fact, Muniswara himself, who wrote a com- 
mentary on Bhascara’s work, and therefore must have lived in a 
later age, rejects the doctrine of the latter author, and asserts 
the reality of the libration. But nothing of this kind appears in 
the astronomical tables of the Hindus, in all of which the pre- 
cession of tlio stars in longitude is supposed to be unifonn, and 
at the rate of 54 seconds yearly ; and the coincidence of this 
value with that given in the works of the Arabian astronomers, 
can only be accounted for by supposing that this element had been 
adopted from those works without examination ; for if we allow 
that the above-mentioned tables are formed from data afforded by 
a long series of observations, agreeably to the hypothesis of the 
advocates for the antiquity of the Hindu astronomy, a more cor- 
rect detennination of tlie element must have been obtained by a 
comparison of the places of any one fixed star, when found at 
* Asiat. Res. vol. XII. 
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lonjf mtervals of time. It has been supposed thirty pxeH&^ty 
to this adoption, the Hindus used a ralue of the precession 
equal to that stated by Ptoleniy; for, according tp M. De 
Guignes, there is an account, in a work of the Arabian writer 
Ma^scmdtf that the Hindus had been taught astronomy by 
Brahma, who showed tliem that the sun (at the times of the equi- 
noxes or solstices) remained 3000 years in each sign of the zodiac, 
which supposes that a complete revolution of the equinoctial 
points was accomplished in 30,000 years, and .that the annual 
precession was 30 seconds. That the Hindus had, at one 
time, a nearly correct knowledge of the precession, has been in- 
ferred from a passage cited by Ricius^, out of the Jewish writer, 
Abraham Zacutli, who lived in the 15lh century, where it is 
said that, according to the Hindus, there are in the heavens 
two stars diametrically opposed -to each other, which describe 
the cii-cuit of the zodiac 4n 144 years, contrary to the order of 
the signs ; now if there be a mistake in the direction of the 
motion, and wc are allowed to read according to the order of the 
signs; and if, besides, we suppose with Bailly, that the years 
are periods, each equal to 180 common years, like those said to 
have been in use among the Mongols and Chinese, the revolu- 
tion would have been performed in 25,920 years, which is the 
time of a revolution of the fixed stars wnth respect to the equi- 
nox, at the rate of 51 seconds annually, and is not far from the 
truth. It is evident that these hypotheses rest on no solid 
foundation, but there can be no reason to doubt that the Hindus 
had discovered, or taken from the works now lost, of Chaldean, 
Egyptian, or Greek writers, a certain value of thj precession ; 
and it is probable that tlie variable duration of the yuga^^ or 
periods in which tlie numbers of revolutions ai^ said to have 
taken place, mistakes in the numerals, and in the direction of 
tlie motion, besides other causes, have produced that confusion 
in tills element which we find in their writings. At the time of 
the construction or reformation of the tables, the Hindus pro- 
bably adopted the value of the precession which had been deter- 
mined by the Arabians. 

In examining the elements of the sun, moon and planets, 

« TractatUB demotu octai-tt spherae, cap. ix. 
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contained in the Hindu tables, we shall find tliat the proofs of 
antiquity drawn ironi comparison! made with the values ^signed 
to those elements by late observations, or by computations 
founded on the theory of gravitation, are liable to great un- 
certainty and may, even, be considered as destitute of any 
foimdation, partly because the coiucidenccs do not hold good in 
all the elements and partly, because, in those which have been 
observed, if the necessary corrections had been made, the errors 
Would have been mote considerable ; to which we may add tliat 
a near approach to coincidence, when the variations of an 
element amount only to a few seconds in many centuries, does 
not constitute, within narrower limits, the determination of a 
particular epoch. Tliis is the ease with the length of the 
tropical year abovementioned, which has been shewn to difler 
from its true value by 97 seconds only ; for since, from the 
epoch of the Cali-}mga to the present time, that is during above 
4900 years, the whole decrease in the length of the }Tar is but 
10 seconds, the above ciTor which, if considered alone, might 
appear inconsiderable, is really far greater than the diminution 
due to tlie whole of that long period; and the supposed length 
of the year, instead of corresponding, nearly, to the epoch of 
the tables, indicates one which is above 45,000 years firom our 
times. 

Again, fi-om the same tables wc find that the obliquity of the 
ecliptic is slated to be 24 degrees: and, by computation, it is 
found that, at the epoch of Uie tables, it was really equal 
to 23"* 51'; the error, which is but 9 minutes, appears but small, 
but, as the diminution of that clement is at the rate of 50 
seconds in a centurj’', that error corresponds to nearly 1100 
years in time; and if we could suppose the value given in the 
Hindu tables to be accurate, the observation on which it is 
founded must have been made so much earlier than Uiat epoch. 
But it is much more probable that the 24 degrees had been 
assumed for the sake of the exact number; and it should be 
observed that the same value was given to ihe element by the 
earliest astronomers among the Greeks, An objection founded 
on the slow change of value in die element, may, also, be 
urged against the argument for the antiquity of the tables, drawn 
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from the vdue of the moon's imomalistio revoluticm^ wHoh is 
shewn tp agree, within one thiid of a second, with that deter- 
mined by recent calculations m^de for the commencement of 
the Cali-yuga. Bailly suggests that the two former elemmits, 
the length of the year and the obliquity of the ediplic, may 
have been determined from observations made long before that 
period; but there is no one age to which both can be referred, 
and it is incompatible with the opinion that the Hindu astro- 
nomy was in an advanced state when the tables were formed, to 
suppose tliat tliere may have been introduced in tliose tables 
the values of elements belonging to difl'erent epochs. 

The maximum equation of the sun’s centre, taken by Bailly 
from the tables of Narsapour and Chrisnabouram, an^ supposed 
by him to coincide with that which is involved in those of 
Triavelove, is 2' 10' 30'', while by late observations it is found, 
in the present age, to be only 1’ 55' 30''; now the diminution 
of this element is knowm to be’at the rate of about 15 seconds 
in a century; and the inference is tli.]t the epoch at which 
the above value of the element held good is about 0000 years 
since. But it is obsen^ed by La Place that, as the Hindus 
detennined the elements of the solar orbit by means of the 
eclipses of the sun or moon, their equation of the centre should 
include the moon’s annual equation, which is 11 minutes, and 
tliis would reduce the above value to 1’ 59' 30", which would 
give, for the epoch of tlie tables, the year 200 of our era. 
Nearly the same epoch is found from the place of the sun’s 
apogeum which, by Uie times of the continuance of that lumi- 
naiy in each sign of the zodiac, given in the tables, appears to 
have been somewhere in Gemini while tlic longitude of the 
apogeum, in the present age, is 3® 9’ 30', and the rate of its 
motion with respect to the e(£uinox is about 68 seconds 
annually. 

M. Bailly is not more fortunate in the conclusion he draws 
from the determination made by the Hindus of the moon’s 
mean motion. In the preliminary discourse to the Astronomie 
hidienne^ he states that, in the interval of 4384 years 94 days, 
ending May 21, A. d. 1282, the tables of Triavelore give for -the 
sidereal motion of that luminary 7* 2° 0' 7", rejecting whole 
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circamferences, and, because this lE^ees^ within one minute, 
with what w^ould result from th# mean motions computed by 
the tables of Cassini and Mayer, he infers that it must have 
been obtained from observations made at the beginning and end 
of the period ; but it happens tliat these tables do not compre* 
bend the equation discovered by La Place, which, in the same 
interval, would amount to about 4 degrees ; consequently, the 
argument in favour of the antiquity of the iirst-supposed ob- 
servation, falls to the ground. 

Tlie places of the aphelia of the orbits of Jupiter and Mer- 
cury, given in. the Hindu tables for the commencement of the 
Cali-yuga, certainly agree with the results of computation made 
from the best modem tables ; but, as these elements are mate- 
rially affected by the masses of the planets, which are, even now, 
uncertain, it is impossible to draw any conclusion, from that 
agreement, concerning Uie reality of the observations on which 
the elements axe supposed to have been founded. 

The mean movements of Jupiter and Saturn are knouTi to be 
subject to vaiiations which become compensated at the end of 
ceilain long periods, fixed by La Place" at 929 years, and are 
such that, within each alternate period, tlie motion of one of the 
planets is the most rapid, and that of the other, the most slow : 
now- it must be admitted tliat the quantities assigned to the 
mean motions of Jupiter and Saturn in the Hindu tables, for 
the epoch of the Cali-yuga are justly alleged by Badly to agree 
with the results of tlie tlieory of gravitation in shewing that the 
former was then a maximum and the latter a minimum ; but tliis 
fact which would seem, at first sight, conclusive in favour of 
the supposed antiquity of the tables leave the question still in- 
determinate; since, if we reckon backward from the year 1491 
of our era, which is the epoch of the Cluisnabouram tables, five 
times the above period would bring us to the year 3154 Before 
Christ, which is near enough to the epoch of the tables of 
Triavelorc to allow us to conclude tliat, at both epochs, the 
mean movements of these planets must have been, respectively, 
l^e same ; the probability, therefore, that these tables were con- 


Exposition du Systeine du Monde, Liv. IV. chap. 2. 



THS ANCI£!<T HINDIS. 


itv.} 


$01 


stmcted at the more ancient period ia not, in tliift teBpecif greater 
than tl\^t of their construction at the other. It on^t also to be 
observed that, in the tables, the equations of the centre for the 
orbits of both these planets, by which the mean is reduced to 
the true movement, differ considerably from the truth, and 
Bailly supposes, though without any evidence, that the original 
values have been vitiated by the Brahmans in later times. JChe 
approximations to coincidence with the results of calculation, 
observed in the preceding elements of the planetaiy orbits, do 
not take place in any of tlie others ; and the differences found 
to exist, on making tlie comparison, cannot but destroy the 
conclusion which might have been drawn from the former 
agreement ; for if we are to allow that all the elements were 
obtained from observation, it would follow that they should all 
correspond equally with the determinations of theory. By 
whatever means obtained, the elements of the sun and moon 
are given in the tables with considerable accuracy, and to those 
elements, probably, the Hindu astronomers principally directed 
their attention : tlie phenomena of tlie planets being less avail- 
able for civil or religious purposes, tlie movements of these 
celestial bodies may have been less constantly studied. 

The astronomy of the Hindus may be said to resemble in 
many respects that of other ancient nations, particularly of the 
Greeks, from whom lliere is good reason to believe they have 
borrowed their planetary system. From Mr. Colebrook’s paper 
On ihe notions of the Hindu Astronomers^ ^ we learn that the 
Hindus place the earth in the centre of the universe, and sup- 
pose the sun, moon and planets to revolve about it in circular 
orbits, with uniform velocities ; and that in order to explain, on 
malliematical principles, the inequality of the planetary motions, 
they suppose the earth to be at a distance from the centre of 
each of the orbits, w'hich, therefore, may be considered as eccentric 
circles. In the Sourya Siddhanta is described a system of ec- 
centric deferents with epicycles, very much resembling the 
system of Ptolemy ; the principal difference being that tlie epi- 
cycle is said to have been supposed of an oval figure. The 
* Asiatic liesaardies, Vol. XII. 
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planet imagined to move on the epicyde with a velocity equd, 
and in a contraiy direction, to that of the epicycle on the defe- 
rent; and the epicycles belonging to Jupiter and Saturn are 
said to have their minor axes in the line of the mean conjunction 
of their respective planet with the sun. The dimensions of the 
epicycles are computed by Bha&cara ; but this astrcmomer de- 
scribes the deferents as the true orbits of tlie planets, and ob- 
serves that the epicycles were merely devised fox the purpose of 
facilitating the calculation of the true places. 

This description of the planetary system of the Hindus cor- 
i-es])onds nearly with that idea of a system, which has been 
drawn from the construction of their astronomical tables. M. 
Bailly observes tliat, in the precepts relating to the tables, the rule 
for reducing the mean to the true place of the sun, moon or a planet 
by the equation of the centre, makes it evident that the orbits of all 
must have been supposed to be eccentric ; and he adds that, in 
finding the place of a planet, tlic Hindus use a fictitious longi- 
tude found by the continual addition of the mean longitude, 
half the equation of the centre and half the parallax of the an- 
nual orbit ; which he conceives to imply that the inequalities 
were referred, not to tlie earth, or the centre of the system, but 
to an angular point mid-way between the sun and the earth, 
and corresponding to the centre of the equant in the system of 
I’tolemy : Mr. Colebrook is, probably, therefore, mistaken when 
he supposes that there is no equant in the Hindu astronomy. 
This fictitious longitude is not, however, used in finding the 
true places of the sun and moon, and M, Bailly, from thence, 
supposes that the orbits of these were considered as simple 
eccentric circles. 

The attempt of the Hindus to explain from physical causes 
the movements of the planets scarcely deserve to be noticed ; 
but the following account of their opinions respecting this sub- 
ject, as stated in the Sourya Siddhanta, is given by Mr. Cole- 
brook in the paper above mentioned. They imagine that the 
jdanets are driven by movements of air along their respective 
orbits, and that there is one great vortex carrying the stars and 
planets with prodigious velocity round the eartli in one 'day : tl^e 
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winds or currents impeBing the |danet& are supposed to be such 
as woi^d cause them to move alwigrs in the plane of ediptie, 
and with equable velocities, but it is imagined that the planets 
are drawn from their courses by certain controBing powers 
situated at the points of apogeum and conjunction, and at the 
nodes of the oibits ; and these powers are described as divini- 
ties or invisible planets. 

We are informed by BaiUy, that the Brahmisms suppose the 
earth to rest on a* golden mountain, at the cenfre of the universe, 
and seven worlds or planets to revolve about it; the moon is 
placed nearest the earth, then follow in succession, Mercury, 
Venus, the sun, &c., as in the systems of the Chaldeans and 
Ptolemy ; but this arrangement does not appear Iq have at all 
times prevailed; for in the Bhaga Vadam which, though an 
apocryphal work, probably contains notions at some time pre- 
valent in India, the Hindus like the ancient Persians arc said to 
have supposed the moon to be more remote than the sun, pro- 
bably because it giyes less light and heat ; and the stars to be 
fish swimming in ether. In a representation of the solar system 
made by some modem Brahmans there are described, beyond 
the orbit of Saturn, two circles bearing the names of Natchattar 
and Akdsh ; and it is probable that tliese represent the orbits of 
some of those imaginary bodies, or divinities, which were sup- 
posed to disturb the motions of the sun and planets. Accord- 
ing to Buchannan, the Burmese entertain an idea that, beyond 
Saturn there is an invisible planet named or the Dragon*, 
and it is probable this may be identical with a body supposed to 
move in one of the orbits just mentioned. The vulgar in India 
are of opinion that eclipses are caused by the intervention of a 
monster bearing this name. 

On contemplating the monumentaef Hindu astronomy we can 
hardly avoid admitting that India must have been once pos- 
sessed by a race of men more energetic than those who now 
occupy that fine country. Besides the tables above mentioned 
which, if not entirely original, must have been laboriously con- 
stmeted with Materials furnished by the works of another people, 
their treatises on arithmetic, algebra, and geometry, are proofs 
• A8.Rei.Vol. VI. 
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of intense application to the pure sciences ; and though very 
few of their astronomical observations now r^oaain^ y^, from 
many hints in their writings, it is evident that these had not 
been neglected, A Hindu writer, in commenting upon a pas- 
sage in the Sourya Siddhanta, where it is prescribed that the 
astronomer should fonn a sphere by which to examine the ap- 
parent longitudes and latitudes of stars, (evidently designating a 
sphere similar to the armillaxy instruments mentioned by Ptole- 
my,) observes that there should be an additional circle graduated 
in degrees and minutes and suspended on the axis ; this is de- 
nominated an intersecting circle and is, apparently, a circle of 
declination; and in rectifying the sphere, it is directed that the 
axis should be pointed to the pole, and that the horizon should 
be made true by a water level. The instrument being thus 
placed, the obsen^er is to look for the star Revati through a 
sight adjusted to an orifice at the centre of the sphere ; and hav- 
ing found it, the extremity of the sign Remti^ on the ecliptic 
circle of tlie instrument, is to be brought to coincide with the 
direction of th^ line of sight The latter is, next, to bo turned 
to the star whose position is required, and the moveable circle 
of decimation is to be made to pass tlirough the star ; then the 
distance, in degrees, from the extremity oi Remit on the instru- 
ment to the intersection of the circle of declination and the 
ecliptic, will be the longitude; and the number of degrees on 
the circle of declination rex^koned from the same intersection to 
the place of the star will be the latitude^. The sign Revati is 
said by Mr. Colebrook to be tlie last of tlie twenty-eight as- 
terisms into which the Hindu zodiac is divided; and the star 
called by that name he conceives to be that now designed 
^ Pisdum; which, agreeably to a deduction from an observation 
ascribed to Brahma Gupts^ and to an hypothesis* of Bailly**, 
was situated at the commencement of the fixed zodiac ; and, if 
the vernal equinox coincided with the place of tliis star at the 
time when the above description was composed, it would foUow 
that the said time corresponds nearly with the year 500 a. c. 
The mathematicians of India, like those pf other ebuntries, sup- 

* Colebrook on the Hindu division of the Zodiac, As. Res. voL IX. 

^ Astron. Indienne» chap, V. sect, 30. vide supril, page 320. 
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posed the circumference of a circle of the sphone 4o be divided 
into hundred a&d sixty degrees/ and> like the 6redss> they 
distinguished a degree by a word signifying a part 

Soon alter the dynasty of the Abbasides became possessed of 
the throne of Bagdad, the court of those princes was honoured by 
the presence of many distinguished philosophers, from formgn 
countries, by whom literature and science were introduced among 
the disciplesTof Mohammed. That the astronomical writings of 
liipparchus, of Ptolemy, and of those who followed the latter 
in thg school of Alexandria were then studied by the Arabians, 
is well known ; and, as the arms of the Moslems had then recently 
subdued the northern part of India as far as the Ganges, it is 
quite reasonable to suppose that the learned men of that part of 
Asia would fmd many inducements to seek the patronage of the 
Khalif A1 Maimon and his successors, and carry to the rising 
metropolis of the East their scientiiic works and their skill in 
the art of observing \he heavens; an art which, subsequently 
to the decline of astronomy in Egj^pt and the eastern parts of 
Europe, Uiey seem to have diligently practised. It is even 
related by Ebn A1 Adami tliat Mohammed ben Musa, the 
author of a treatise on algebra (recently translated by Mr. 
Rosas) had abridged, at the request of A1 Maimon, the astrono- 
mical tables contained in the work of some Hindu astronomer 
who visited the court of Almansor in the year 773 a. c. The 
use of the gnomou and astrolabe, which probably had ceased in 
the west, was therefore revived by the Arabians from the 
iiislructious communicated to them by their Hindu teachers; 
and hence the former people, in describing their instruments of 
observation, so frequently, by their manner of designating them, 
shew that they considered them of Hindu origin. The circle 
traced at the foot of a gnomon to determine the meridian by 
the equality of the shadows is called by Tbn Jounis the Hindu 
circle ; and this astronomer adds that one of the kind, which he 
had described for himself, wa& traced on a pavement of white 
marble, while that of the Hindus was on sand; other Arabian 
writers, also, in describing the astrolabe, apply to it a like 
denomination. 

The science cultivated, apparently mth so much zeal and 
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isdusby) by fhe ancients, in Chaldea and 
to have been confined tol those count^: 

Egypt by C^byses, and of India by Diathts Hysfels^y ' 
connections of the Ionian States with the court •«£ Persia^ 
lastly, the expedition of Alexander the Great,. must ha^e . 
rise to so much communication between tlie difierent 
inhabiting tlie territories lying between IJaly and the 
as to render it impossible that the discoveries madt^ by any ouq * 
of them, in astronomy, which possesses so many p 9 ints of eil^al « 
interest to all men, should not have been almost immediately 
adopted by the others, and incorpora^ with the eleSients - 
which they previously possessed. Thus the cycles discovered , 
by the Chaldeans or Egyptians, who may be considered as tlie 
earliest obsen^ers, may, unless we adopt the hypotliesis df 
independent discoveries, liave been communicated at the same 
time to the predecessors of Hipparchus, iu Greece, and to 
those of Aryabhatia in India: and the state in which they were 
received in the latter countiy; probably in, or previously to the 
age of the Vedas, may be collected from the ancient treatises 
on astronomy which are attached to tlic several works b|^riug 
that denomination. These treatises relate to the adjustments of 
the calendar and tlie comparison of solar and lunar time for 
the formation of the civil year; and from them it appears Uiat 
in a period of five years, the moon was supposed to make 67 
revolutions to the same fixed star, or to the equinox^ (an expres- 
sion from which Mr, Bentley infers thjit, at this time, the Hindus 
had no knowledge of, or disregarded the precession of the 
stars,) and 62 revolutions with respect to the sun. The number 
of solar days assigned to the cycle just mentioned is stated to 
be 1830; and, therefore, the duration of a synodical revolution 
of the moon must have been supposed equal to or to 

29^ days; comparing this with the known length of such a 
revolution, the error is found to amount to one day in six years, 
from which Bentley also concludes that the Hindus could 
not then have been able to determine the times of the conjunc* 
tion and opposition of the sun and moon for six years in 
advance; much less could they have ascertained by compu- 
tation the times of the eclipses of the luminaries. In the 
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regpiilation of the c|j.endar, the rules gireii in & Vedes pre- 
. scribedeil&st & month should be doubled in the middle and 
at the entd of the quinquennial period; which consequentlj 
consists of t^ree common lunar years and of two, containing, 
ehch) thirteen lunations: the is divided dnto six seasons, 
each month into two half months; the day also, is said 
t# consist of ^30 houfs, a division which, according to Achilles 
TatSus', was in use among the Chaldeans, and each hour, of 00 
miimtes. The zodiac is, moreover, divided into fif signs, and 
the ^st is said to include the cluster of stars denominated 
Crittica which is supposed to signify the Pleiades^ : this sup- 
position however, is at variance with the general opinion 
fjonreming the place at which the Hindu zodiac commenced, 
but it is probable that tlie latter did not become fixbd till long 
after the age of which we are speahing. In a note, Mr. 
Colcbrook observes that the cyjclc of 5 years is mentioned by 
the name of Yu^a in Parasaia’s Institutes, and it is tlierc stated 
to be the basis of calculation for greater cycles; from this, the 
cycle of 60 years [12x5], so much used in tlje cast, was 
probably formed, and subsequ(‘ntly, from the latter arose the 
cycle of 3600 years [60x60], which was denominated the 
Ynga of Vaepaii ; sixty of these, or 216,000 years, constitute 
the Yuga of Vrajanaiha^ and the double of tliis last is the 
\aliic of the Cali -yuga. 

Tlie cycles of 60 years, and 3600 years, here mentioned 
arc identical willi the Sossos and Saros of tlie Chaldeans, and from 
them, tlic Hindus may have funned some of tlicir longer periods 
by the aid of their own observations on tlie celestial pheno- 
mena; in like manner, the restitutions of tlie moon’s inequalities 
of motion may have been adopted by the. latter people from 
those discovered by the former before the time of Aristotle. 
The Hindu periods, though not the same in quantity as those 
wliicli have been preserved by Geminus, and wliich we consider 
as the bases of the lunar theory of Hipparchus, are precisely 
the same in kind; and may easily have been formed from tlie 
others, according to their own estimates of the length of the 
solar year and of the ago of the world, by the learned asfrono* 
Issgoge, cap. 1 8, in Petav, UranoL “ Asial. Rea. voL VIII. 
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mers*of India wbo are mentioned by Brab^a Gnpta^ and whom 
Mr, Colebrook supposes to have lived about the limes Hip- 
parchus and Ptolemy. According to the.Narsapour tables, 800 
[sidereal] years contain 293,207 days; and from tttis it is evident 
that the Hindu sidereal year was equal to 363.25875 days. 
Besides the cycle of 19 years, in which are contained 235 
lunations, the Hindus had two periods ; the one of 12,362 days, 
and the other of 21,857 days, in which respectively, they found 
that the moon had made 453, and 800 sidereab revolutions; 
and three periods in which she made, as they supposed, an 
exact number of revolutions with respeot to the apogcum; the 
first of these was equal to 248 days, and contained 9 revolu- 
tions; the second to 3031 days, and contained 110 revolutions,^ 
the Uiird to 12,372 days, in which were 449 revolutions ; and 
these cycles were, most probably, employed subsequently in the 
construction of the tables of the movements of the sun and 
moon, which, in the last century, and after many reformations, 
were received in Europe. With respect to the planetary 
periods, Mr. Colebrook is of opinion that the Hindus merely 
surmised that the nodes and apsides of those celestial bodies 
were in movement, from analogy with the corresponding 
motions of the moon’s orbit: he conceives that they were unable 
to verify their conjecture by observation, and that they have 
merely assigned arbitrary numbers to the supposed revolutions, 
in order to bring the places right, or nearly so, conformably to 
their assumption of a great conjunction of the planets with 
their nodes and apsides, in a certain point of the ecliptic, at a 
very remote period. 

In a paper on the Hindu systems of astronomy* there is given 
a table of the restitutions of the solar, lunar, and planetary in- 
equalilies, according to the periods ascribed to Brahma-Gupta ; 
from which it appears that in a Calpa, or in 4320 millions of 
years, the apsides of the solar orbit made 480, and the equi- 
noctial points 199,669 complete revolutions [the mean move- 
ment of the latter must consequently have been supposed equal 
to 69"*7 yearly] ; that, in the same time, the moon made 


• Aiist. R«t. VoL VIII. 
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57,763,dD0,000 synodical reroliitioiis; her apsides, 488,105,858 ; 
and hereaodes, 232,311)168 revolutions. Mr. Davie fuub, feom 
tlie treatise ascribed to Brahma*6upta, and also from^the Sidd* 
hanta Siromani) that the number of days contained in a Calpa 
was supposed to be 1,577)916,450,000; whence consequently) the 
length of the sidereal year must have been considered equal to, 
365.25644 days. 

Like Hipparchus, the Hindus determined the inequalities of 
the moon's motion by means of eclipses ond, hence, their 
theory is destitute of the equation of evection which was dis- 
covered by Ptolemy from observations made at the quadratures ; 
this discovery, by some chance, never found its way into the as- 
tronomy of India and, in all probability, an attachment to the 
ancient metiiod of observing prevented the people of India from 
attempting a comparison of the observed and calculated places 
of tlie moon when she was in any other position than the 
syzygies. We have said that they once had a value of ilie 
precession equal to that assigned by Ptolemy ; and it is to be 
observed that, like him, in computing the true places of tli^ 
planets, they suppose tlie conjunctions and oppositions to be 
referred to the mean place of the sun, instead of the true place, 
and tlie mean longitudes of Mercury and Venus to be the same 
as that of the sun. Lastly, in the tables of Triavelore and of 
Siam, tlie apogeum is supposed to be fixed in space, and in all 
these respects, there is a close conformity with the astronomy 
of Ptolemy ; though tliere is no reason to doubt that all the 
above circumstances belong equally to the age of Hipparchus, 
if not to one still earlier. But the remaining elements belong to 
an astronomy of a later day than that of Ptolemy, and it is pro- 
bable that the Hindus received the works of the latter astro- 
nomer only through the medium of the Arabian writers and, of 
course, accompanied by all or many of the changes which they 
had introduced in tlie science ; their solar equations differ from 
those of the Greeks and Arabians, as if they hp-*^" been formed 
by taking arithmetical means W^^n the values assigned by 
both these people ; they discove^i^^r adopted from the latter,^ 
the particular movc>ments of the a^^ea of the Sun, Jupiter and 
Mereuxy, which Ptolemy considered as fixed in space, and their 

z 2 
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precession of the equinoctial points is actually that of Albategnius : 
nor can it be doubted that the lunar tables of tlie Hindus were 
formed posteriorly to the time of Ptolemy, because the mean 
motions of the moon wiUi respect to the apog;eum, the nodes 
and the sun, aie, in these tables, found to be more rapid than in 
those of the Greek astronomers: and these movements are 
known to increase with the lapse of lime. We may observe, 
therefore, tliat though the elements of the Hindus tables have 
not been formed immediately hrom those of the Greeks and 
Arabians, which, indeed, is proved by Mr. Playfair from the 
want of coincidence in Uie assigned places of the sun and moon 
at the supposed epoch of the Triavelore tables with iflje places 
determined by computation from Uie tables of Ptolemy and 
Ibn Jounis ; yet there is notliing to prevent us from concluding 
that the astronomy of India, originally that of the ancient people 
of Western Asia, has received successive corrections from the 
discoveries made by natives and foreigners, and has been re- 
modelled at various periods, down to tlie end of Uie seventeenth 
centurJ^ 

With the Mohammedan power, the science of India declined 
and, notwithstanding the patronage afforded by the emperors 
Akbar and Aurengzebe, and the magnificent obser^^atory erected 
at Benares by tlie rajah Jay Sing, it has not, since, been revived 
in that country. 
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THE ANCIENT ASTRONOMY OF CHINA. 

A conjunction of the planets taken as an epoch by the Chinese. — The com- 
■ niencemfmt of the Chinese year at one time coincided with that of the 
UiiiduSi.-.-A regulation of the seasons by the Emperor Yao. — ^Andent ob>« 
servutions made in China with the gnomon. — Destruction of the Chinese 
writing^— The Chinese histories contain catalogues of celestial phenomena- 
Alleged resemblances of the Chinese sphere and those of the Hindus and 
Eg}*ptians, — Divisions of time in use among the Peruvians and^Meacicans. 

The astronomy of China may vie with that of India in the re- 
moteness and obscurity of its origin ; and, like the latter, it is 
supposed to have commenced wdth a primitive epoch at which 
llie sun, moon, and several planets were in conjunction. In a 
Chinese work alleged to have been composed about tlie year 
204 Before Clirist, this conjunction is said to liave been ob- 
served or predicted by the Emperor Tchuen-hi, and to have 
taken place in the constellation Xi; and the writer asserts lliat 
143,127 years had elapsed between the time of the conjunction 
and that in which he lived ** ; now M. Bailly disregarding that 
pretended interval of time, has found by computation*’ that 
Mars, Jupiter, Saturn and Mercury were together, on the morn- 
ing of February 28, Julian reckoning, in the year 2449 b, c. 
in a part of tlie heavens situated, in longitude, betw'cen the 
eighth and tweiity-lifth degree of the sign Pisces, a space which 
must have been, then, comprehended between the star » Arietis 
and the Pleiades : and hence it is inferred that this portion of 
the zodiac must have coincided widi the Chinese constellation 
Xi. The same asti’onomer found, also, that a conjunction of the 
sun and moon took place on the same day, in the nineteentli de- 
gree of the sign Aquarius, or near the star K Piscium ; these he 
conceives, therefore, to h^ve been the phenomena alluded to, 
which is not improbable since historians have plaeed in the 

* Martini Uistoria Siuica, Tom. 1. ^ Astr. Ind. Chap. IX* sect. 2* 
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same age the reign of the above mentioned monarch. Accord- 
ing to P6re De Mailla, who translated the AnmiU of iSie Em^ 
pire^ Tchuen-hi collected all the ancient observations which had 
been made in the country and gave precepts for computing the 
motions of the sun|laoon, and planets; and it appears from 
the expression in thelciiginai work that, during the reign of this 
prince, and in the yeHr which was distinguished by the above- 
mentioned conjunction of the planets, the first day of the spring 
quarter, by which we are to understand the commencement of 
the year, occurred previously to the first day of the first moon. 
Mailla, who finds by computation ‘ that the conjunction took 
place in 2461 B. c. makes the time of new moon two days later 
than the arrival of the sun at a point in the ecliptic whose longi- 
^tude Was 10* 15*^, which, then, nearly coincided with the star 
^ Piscium, that is with the first point in the fixed zodiac of the 
Hindus: now the ancient Chinese always made their luring 
commence when the sun had that longitude, or was 45 degrees 
westward of the equinoctial point ; it follows tlierefore that, in 
the time of Tchiicn-hi, the place of the sun at the beginning of 
the Chinese year, and the origin of the Hindu zodiac were 
identical ; and Bailly thence infers that the coincidence w'as the 
result of design on the part of the prince ; no other reason, he 
observes, can be given why the year should be made to begin 
when the sun was in a part of the heavens which is not dis- 
tinguished by any remarkable star, nor coincided with cither of 
the equinoctial or solstitial points ; and the circumstance may 
be considered favourable to the opinion that the astronomy of 
China was derived, at some period, from that of India ; or that 
the people of both countries drew their knowledge of the science 
from a common source. The origin of the Chinese fixed zodiac, 
or the commencement of their constellation Hiuy is not however 
the same as that of the Hindus; it is supposed by Pere Glaubil 
to have coincided, in the time of the Emperor Yao, with the 
place of the winter solstice ; and, if wc adopt Bailly’s opinion of 
the age in which this prince lived, that place must have been 
about the middle of the constellation* Aquarius. 


^ Hist. Gen. de la Chine, Tom. I. 
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From the abstract of the Chined History gi^ea by M. de 
Guignes we learn that the emperor Yao, along with the other 
measures adopted for the improvement of his people, promoted 
among them the study of astronomy^ and he particularly applied 
himself to the correctfon of the calmidas^t a^lrected that the 
length of the year should be 565 daysi^ bof to determine the 
seasons, he appointed the use of an inter^ary moon; probably 
signifying that an additional month, or SO days, was to be 
introduced every 1 20 years. From the means he proposed for 
distinguishing the commencements of the seasons an effort has 
been made to ascertain the age in which he lived; according to 
Pere Souciet*, he prescribed that the equality of the days and 
nights and the constellations Niao and Hiu should indicate the 
vernal and autumnal seasons respectively ; and the longest and 
shortest days with the constellations Ho and Mao should mark, 
Bespiftively, the summer ^and winter. Now, of tliese constella- 
tions, it is known that Mao designates the Pleiades; and, as all 
the four should be in or near die cardinal points of the ecliptic, 
it will follow that Ho must coincide with the beginning of 
Scorpio, Niao with the beginning of Leo, and Hiu with that of 
Aquarius; but it is doubtful in what sense these constellations 
were to indicate the seasons; for, if we suppose that their 
heliacal risings or settings took place on the respective days of 
the equinoxes or solstices, the epoch would be so remote as to 
be beyond the bounds of probability: it has, therefore, been 
considered that those days were indicated by the arrival of the 
constellations on the meridian soon after sunset ; and if, agree- 
ably to this supposition, we place on the meridian a point of the 
ecliptic whose longitude is 100 degrees, in which case the 
vernal equinox would be about 10 degrees below the horizon 
towards the West, the time at which the constellation Mao, or 
the first stars of Leo (whose longitudes are now about 150 
degrees) occupied tlie point on the meridian, would be about the 
year 1800 Before Christ; hence the reign of Yao may be placed 
at that period, and M. BaiUy by a similar supposition places 
it about 500 years earlier; but it must be owned that, since the 

• ObeervatioiiB MathematiqueB Astron^^^ nes, etc., tir6e» Aea Uvres Caiinoia. 
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supposition may bo varied considCTably, the i^ult obtained 
fiom this kind of estimate is extremely uncertain. ^ ^ 

If what has been above ascribed to Yao be correct we may con-C 
elude with La Place that, in the time of this prince, Uie^tronomers 
of China must arrival "bf the sun at the equi- 

noxes or solstices v^^^he transits, or passages, of stars over the 
meridian ; but it should also be remarked that in such observa- 
tions no great precision was necessary nor, probably, attempted. 
Before the time of Yao, a representation of the heavens on the 
surface of a sphere is smd to have been made by one of the 
sovereigns of the country ; but modern writers have ascertained 
that the word formerly translated sphere is the same as that 
used to signify the cover of a vessel; and the most that can be 
inferred from the account is that, in some remote age, there 
hadbeenformed, in China, a sort of planisphere exhibiting rudely, 
like those of Egypt, a view of the constellations, or somd^lthg^ 
principal stars* 

From a Chinese MS. sent by Perc Glaubil to M. Delisle, it 
appears that the regent Tcheou-Kong, who is said to have lived 
between the years 1104 and 1098 Before Christ, caused a num- 
ber of observations to be made ; and tliree, on the lengths of tlie 
meridional shadow's cast at the times of the wuutor and summer 
solstices by a gnomon which was sot up at Loyang in the 
province of Honan, have, fortunately, been preser\'ed. From 
these. La Place, after making tlie necessary corrections for the 
sun's semidiameter, for refraction and parallax, has determined 
the latitude of the place of observation to be 34® 47' 10", nortli, 
and the obliquity of the ecliptic, 23® 54' 3"; and, supposing the 
observations to have been made in the year 1100 Before Christ, 
the value of this element exceeds that which is found, for the 
same period, from tlie fommlas in the Mecanique Celeste, by 
2' 4" only, a difference W'hich is inconsiderable: but nothing is 
more unefertain from the dubious light afforded by the Chinese 
histories, than the age in which that prince is supposed to 
have lived, and the rude nature of the observations renders the 
evidence resulting from the near coincidence of the values of the 
obliquity any thing but conclusive. 

^ The use of the gnomon must, however, be admitted to have 
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^een* vcrj' among the Climes^, hut the first notice ob- 

tained ^oneeming it, from any of their written works, is that 
^ven in the TcheouJi, which is said to have been composed 
two hundred years before Chrii^; it is there stated that the 
length of the shadow, %.t noon, is less than at any other time, on 
a given day ; that the meridional shadow becomes longer as we 
proceed towards the north, and that, in proceeding towards the 
east, the shadow arrives earlier at the minimum. The particular 
gnomon alluded to is said to have been 8ieet high and to have 
consisted of a vertical pillar with a graduated horizontal bar, at 
its lower extremity, by which the angular distance of the 
celestial body from the zenith might be computed ; and Cocheou 
Kong, who lived in the year 1280 of our era, erected one whose 
heiglii was 40 feet and by which the obliquity of the ecliptic 
was found, in his days, to be 23® 33' 40" : between Ihe ages of 
JclUb Kong and of the last mentioned prince three other ob- 
servations of the obliquity of the ecliptic appear to have been 
made ; tlio first in the year 50 Before Christ, and the others in 
the years 460 and 630 since the commencement of our era; all 
in the same manner, and, which is the best proof of the reality 
of the observations, all agreeing in the indication of a pro- 
gressive diminution of that element. The Jesuit missionaries 
from whom so much information has been obbuned concerning 
tlie state of the sciences in China, allege that Clepsydr® were 
used at a period as remote as the age of Yao for measuring time 
and the divisions of the zodiac, and they describe a machine 
having some resemblance to an armillaiy sphere with which it 
is pretended that astronomical observations were then made : 
but it is very certain tliat, if such a machine existed in that 
country, it was at a much later aj^e than that of Yao, when the 
people were only beginning to form written characters and 
when, consequently, they cannot bo supposed to have con- 
structed such instruments as armiUaiy spheres for the purpose 
of determining the places of stars. 

The possibility that the ancient Chinese may have acquired 
some knowledge of the retrogradation of the equinoctial or 
solstitial pomts has been inferred from the positions assigned to 
the winter solstice by means'of two recorded observations ; of 
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which the first was made about 1100, and the other, about 500 
years before Christ : the difference between the two positions is 
alleged to be nearly 9 degrees, which ought, certainly, to have 
shewn that the solstice had retrograded to that extent in the 
interval ; but as* no notice occurs of such J^ange of place in any 
of the writings of that people, before the commencement of our 
era, we can hardly avoid concluding that the difference, if at all 
regarded, was ascribed to errors of obser\'ation. 

It is related in the histories of China that, at a period cor- 
responding to the year 164 of onr era, certain foreigners came 
to that country from the west ; and from this time we begin to 
find, in its astronomy, facts which indicate that the science had 
made considerable advances in the career of improvement ; it is 
consequently more than probable that the discoveries of the 
Chaldeans and Greeks then found their way into the celestial 
empire, tlirough the medium of the Hindus, or otlierwis^and, 
this may account for the points of resemblance obsen'ed in the 
astronomies of the Chinese and Europeans. About 370 years 
before the above time, the writings of the ancient philosophers 
of China had been destroyed by tlie tyrannical Tsi-hoaj^-ti, as 
those of the Egyptians and Chaldeans afterwards were by the 
fanatic Omar; in both cases, from. an opinion that ignorance is 
the mother of piety and humility, and an apprehension tlmt the 
acquisition of knowledge is detrimental to the interests of religion 
and government : errors which have not, even yet, disappeared 
from the earth. But, in China, as in Egypt, an enlightened 
sentiment almost immediately succeeded to the previous bar- 
barism ; for, about 50 years after the destruction, a collection 
was made of such works as remained : and from the copies of 
these works, or rather ^om the commentaries subsequently 
made on them, in which it must be expected that much matter 
has been introduced that was not in the originals, is derived all 
we know of the ancient science of that remote region. 

'Ihe most remarkable circumstance connk^d with the Chinese 
astronomy is the great number of eclipses which are noticed in 
the works of the native writers, and of which the principal are 
consigned in the general history of China translated by P6re 
Mailla. The first of these is alleged to have taken place on 
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the moniing o£ a new moon during autumn in the sixth jear of 
the reign^ of Tchong Kong^ coinciding with the year 2U9 
Before "Christ ; and it is added that the two royal astronomers 
whose duty it was to announce such phenomena^ were put to 
death for haring omitted to predict it The record of so ancient 
a phenomenon naturally excited the attention of the Europeans ; 
and Pdre Glaubil, with other missionaries who had studied the 
language and sciences of China, endeavoured to ascertain, by 
computations founded on modem tables, if the eclipse were real 
or not : the result of their researches is that an eclipse, at that 
season, occurred in the year 2155 Before Christ; and it is con- 
cluded that this was tlie eclipse mentioned in the history; 
though, if the tables are to be depended on, it was so small as 
to be scarcely distinguishable to any but astronomers; and, 
tlicrcfore, was not likely to have created any sensation among 
the i^mmon people, for whom, alone, such predictions were 
made : and it is remarted by Delambre that if we permit our- 
selves to deviate from the assigned date of an eclipse four years, 
earlier or later, we are almost sure of finding one nearly cor- 
respon^ng in its conditions, with that which is given : both the 
eclipse, therefore, and the circumstances related concerning it 
are, probably, fictions of the Chinese writer, and the opinion 
tliat, at the a^e in which it is said to have occurred, there 
existed an establishment for the purpose of calculating and 
obsendng the celestial phenomena cannot be considered as rest- 
ing on any good foundation. 

Between the above epoch and the year 776 Before Christ not 
a single notice of an eclipse occura but, &om that time, they 
follow each other at intervals of a few years, till the year 1433 
of our era, when, after a blank of two^hundred years, three or 
four other notices terminate the catalogue. All the eclipses, 
except two, are of the sun ; ten of them, only, have the hour of 
the day given, and an equal number are marked total ; but of the 
rest no particulars afe related, consequently they do not admit 
of verification. A work ascribed to Confucius contains, how- 
ever, a list of thirty six eclipses, said to have been observed 
between the years 776 and 480 Before Christ, of which all 
except five have been proved by modem calculations. 
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Those who deny the great antiquity of the Chinese astronomy 
suppose that these eclipses were not observed but simply com- 
puted, in after times, by means of the Hindu or otlier tables 
which may have been in use among the learned of the countiy ; 
but it is a serious objection to this opinion that, till veiy lately, 
the native astronomers, if so they may be called, were unable to 
make such computations. If we leave out the first eclipse, 
above mentioned, there is notliing to prevent our admitting that 
the eclipses were reaDy observed and registered ; the Chinese 
have always regarded those phenomena with a sort of religious 
reverence, and this would naturally prompt them to preserve an 
account of such as they might think remarkable. In the same, 
or even in an earlier age, the Chaldeans and other ancient 
people must also have made similar observations, from whence 
were determined those lunar periods which appear to have been 
known in Greece long before the time of Hipparchus ; nor is 
tlicrc any thing improbable in tlic supposition that observations 
which required only the use of eyes or the most simple instru- 
ments were made, at the same time, by two people at the opposite 
extremities of -the Asiatic continent. In the history of .China, 
by Mailla, is a table of the appearances of many comets observed 
in that country between the years 625 Before, and 151)3 After 
Clirist ; and various other phenomena, some probj^le and others 
absurd are, also, related in the same work. Several obsen^ed 
appulsGS of the planets, principally Jupiter, to ceilain fixed 
stars, subsequently to the commencement of our era, wliich have 
been collected by P. Souciet from Uie ancient writings of tlie 
Chinese, complete our knowledge of the observations made by 
that people, and sufficiently prove tlie great attention they must 
have, very early, paid to the celestial phenomena. 

But it must be admitted that the Chinese have ever had few 
pretensions to the character of astronomers ; their obsen’^ations 
being of the rudest kind and such as could only have been sub- 
servient to the purposes of their chronology and agriculture; 
and no hint appearing in their works that they had, at any time, 
attempted to form a theory concerning the orbits of the sun, 
moon, and planets. The only deductions known to have been 
made from their observations by these over-grown infants in 
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science are the luni-solar cycle of 19 years, coxre^>onicBng to that 
discovered by Meton; the length of the solar year, which they 
found to be less than 365^ days, and that of the lunar year^ 
which they made to consist of days ; this last was used 

by them for general purposes and it is said that they had formed, 
from it, a period of 4017 years which they supposed to include 
a certain number of rerolutions without a fraction. Like the 
Hindus, they had also a cycle of 60 years and one of as many 
days ; and, like almost every other people, they used the week 
of seven days. Sir George Staunton observes that the cycle of 
60 years was used in China as an era for chronological reckon- 
ing and for regulating the luni-solar year : and he relates that 
each year of the cycle is distinguished by the union of two 
characters taken from such an arrangement of an unequal num- 
ber of words, placed in opposite columns, that the same two 
characters cannot be found togetlier again during 60 years. Sir 
George adds that the^year 1797 a. c. corresponds to the fifty- 
fourth year of the sixty-eighth Chinese cycle ; which determines 
its commencement to have been in the ;/ear 2277 b, c. unless it 
be supposed that all the official records and pubhe annals of 
the empire which bear testimony to it should have been falsi- 
fied.”* About the year 721 of our era, Y-Hong is said to have 
constructed tables shewing the daily motion of the sun, and to 
have discovered that in 84 j^ears the planet Jupiter made 7^* 
revolutions about the earth, which is nearly correct ; but it does 
not appear that, previous to the introduction of the European 
astronomy, the Chinese had even observed that tlie movements 
of the planets were, alternately, direct and retrograde. At a 
later time, the periods of the moon's revolutions witli respect to 
UiG apogcum and nodes were knowm, and a catalogue of fixed 
stars was made, which has since been lost. The ignorance of this 
people, with respect to the simplest operations of practical as- 
tronomy, when the Jesuit missionaries were first established in 
China, that is about tlie year 1629, is however, manifest from 
the following fact :* on a proposal being made to intrust the 
foreigners with the correction of their calendar, which was then 
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become extremely erronecae, the native axNrmimnme ecmsm^ed 
to the proposal of P. Verbiest that the accuracy of the Euro* 
pean science should be put to the test by a computation of 
the length of the meridional shadow to cast by a gnomon of 
a given height, on a given subsequent day : this exceeded the 
powers of the Chinese mathematicians, and the agreement be* 
tween the observed length of the shadow and that which the 
learned fathers had determined by calculation, was immediately 
received by the fonnm* as a proof of the superiority of their 
western rivals. 

Thepiue sciences have always been in a low state among this 
ancient people ; the missionaries found that, before the time of 
Cocheou Kong, who reigned in tlic thirteenth century, they com- 
sidered the proportion between the diameter of a circle and its 
circumference to be exactly as 1 to 3, and that their trigonome- 
try was limited to a method of calculating the sides of plane 
right angled triangles ; nor does it appear tliat, till they were 
instructed by the Europeans, they had advanced one step fur- 
ther ; in this respect, therefore, they seem to have been far in- 
ferior to their neighbours, the Hindus. It is worthy of remark, 
however, that originally, like the mathematicians of Europe, they 
conceived the circumference of a circle to be divided into 
S60 degrees ; but, it is said, that, as early as the } ear 200 Before 
Christ, they began to use a division of the citcumference into 
865i parts or degrees, which, evidently, must have been intro- 
duced in order that one such part might correspond to the mean 
daily movement of the sun ; and it is added that they used a 
centesimal subdivision of the degrees. 

Some points of resemblance are alleged to exist in the 
zodiacs of the Chinese and those of the Egyptians and Hindus ; 
from whence it has been inferred that the former people adopt- 
ed that division of the heavens which had, previously, been 
made by the others. It may be true that the sun's place in the 
heavens at the commencement of the year, both in India and 
China, was at one time the same, and coinoident with the com- 
mencement of the Hindu fixed zodiac ; and it is certain that all 
the three people divided the zodiac into twenty seven or twenty 
eight lunar mansions; for that the Chinese did so we learn 
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itom Souciet who, in the second rolnme of hl^ohsma* 
lions, rolates that an astronomer of their nation, in the yvka 104 
Before Christ, mea<^r6d the extent of the twenty eight cm- 
stelUitiom by means an instrument, probably a Clepsydra, 
and adds that a similar measurement was made 207 years after- 
ward. Again, in a copy of a Chinese map of the heavens, Mr. 
Ramusiti observed that the constellation Orion is designated by 
a name signifying a conqueror, which seems to correspond with 
the character of that hero in the Grecian ftibles ; and that the 
stars 4n Pegasus are divided between two figures, as in the 
planisphere at Denderah, but all these coincidences are too un- 
certain, or have too much the appearance of being accidental, 
afford much ground for the opinion that the representations 
of the celestial sphere were copied by any one of thbse people 
fiom cither of the others ; and, as it appears that the divisions of 
the Chinese zodiac w^ere originally situated on the circumfer- 
ence of the equator, though they were, at a subsequent time, 
reduced to that of tlie ecliptic, on which circle they were placed, 
from the first, by all other nations, it is much more probable 
that the astronomers of tlie east and west had recourse to their 
imaginations, independently of each other, when they found it 
convenient to arrange the stars in particular groups. 

Some knowledge of astronomy must have existed among the 
inhabitants of the American continent long before that conti- 
nent was, by the voyages of the Spaniards, made known to the 
people of Europe ; and cither because man, independently of 
instruction, is naturally led to adopt similar means for determin- 
ing the seasons and the divisions of time, or that the first occu- 
piers of that vast region brought with them the processes which 
they had followed in Asia, firom whence they came ; the prac- 
tices of the Peruvians and Mexicans, as far as they went, cor- 
r xponded nearly with those of the ancient people of ihe^^ifliteni 
world. According to Acosta * the former observed the days of 
the equinoxes and solstices by means of gnomons which they 
erected before the temples of the sun; and it is said that they 
divi(i|^ the year (which they made to consist of 365 days) into 
12 mmiths of 30 days each, adding, like the Egyptians, five 

* Novi orbifl HUtoria, Lib. VI. cap. 3. 
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days at ^ end of the twelve months, to complete tha^pmpd.: 
the Ikfe^cans, according to die account given 
reri, in the Giro deV Mundo^ divided the 34o days inlh 16 i^jinths 
of 20 days each: they also used a cycle 13 years, c^lc^ably 
to the number of their gods, and another equal to feur of dicse, 
or 52 years. The eighteen months were united by thrb^', in . 
the interior of a ring ornamented with liierogljrphicaFiigarejs^ 
which was discovered in the country ; and Bailly very regiem* 
ably supposes that these months are subdivisions of a priinaijf 
division of the year into six parts ; from which it would appear 
that this people, at one lime, like the Hindus imd Arabians,^ 
made use of a period of two months or 60 days. It is worthy 
of remark, also, that the general mode of reckoning time, in 
among the Tahitians, till they adopted the European calendar, 
was by the year, which consisted of 12 or 13 mondis ; by the 
season or half year, and by a month of 30 days *. 

* Polynesian Researches, Vd. I. chap. 4. 
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of Aitroaomy in Europe.— -The lystekn of eooentric end 

epioyclee adopted Vy Purbaoh.-*The syetem of homocentidc ijdierai revived 
CastoriUB.— The force of prejudice in philoeophy.— Dedine of aitro- * 
lo^. — Copernieufl propoces a system founded on the movement of the earth 
about the siS— Explanation of the direct and retrograde movements of the 
planets according to the system of Copernicus.— The thieefold motion of 
lihe earth. — First use of pendulums for astronomical purposes.— Hypothesis 
^of Copernicus concerning the variations in the positions of ihe equinoctial 
points.— The elements of the solar oriiit supposed to be variable.— Method 
of determining the distances of the planets from the sun and earth.— Cmp- 
plexity of the system of Copernicus. 

The science of astronomy which may, in some respects, lie said 
to have advanced towards perfection during the reign's of the 
Mohammedan princes of Cairo and Bagdad was, through the 
Arabians who had settled in Spain, communicated to the people 
of Europe ; and, as the learned men of tlie east had founded all 
their improvements, on tlie system of Ptolemy, it was natural 
that the same system should form the groundwork of the astro- 
nomy introduced by them into this part of the world ; in fact, 
we find that the treatise^ on this science which were Uien, first, 
composed by Europeans, consist wholly of compilations fiom 
Ptolemy, with comments upon the comments previously made 
by tlie Arabians. Such were the works of the astronomers 
•patronised by Alphonsus, king of Castile, all of whom lived 
about the middle of tlic thirteenth century ; consequently, about 
the time that learning was on the decline in Asia and Egypt: 
but these were chiefly persons of the Jewish persuasion, and 
their writings are disfigured by what appear to be cabaUistic 
reveries, which, among that people, flicii, usurped the place of 
true philosophy. The prince just mentioned caused to be com- 
puted a set of astronomical tables agreeably to the hypotheses 
of Ptolemy, and containing sundry corrections of the m||p 
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the pUot^ wHh some a4ii|itional«iQiqp|Mti^ 
ed-W3||i xeferenee to ihe imaguMijr t(^d»ti(aa 
pomts ; a doo<aiae to which mathemadciilb, kt 
dottsljr adh»ed though founded on d^| whieS we 
ttrint unworthy of the least ctmfidence. We have 
what mannear this jnetended Ubiation was suppSsed'w^^lito 
been proved from a coi^axiMHi of observations made If^ 
my with those Mcribed to a pseudo>HenneB ; and we majuj^p f j , ] 
remark that a like inequality in the motion of the' eqrdeoetMF < 
pomts was, with as little reason, inferred from a cemp a i% m* <a f , 
th&pIace.of Spica 'Virginis, according to the obiffrvations of a* 
certain UdiUeus who cultivated astronmny at Home ii 
of Trajan, and that assigned to the same star by 
after an interval of 1160 years. The former obse 
the longitude of Spica equal to 5* 26'’ 15', and the latter, 6* 13° . ^ 
48' * ; but the Alphonnnes, computing backward with the sup- 
posed value of the general precession, [1 degree in 72.8 years,] 
detendined that, if the precession had bem uniform, the longi^. 
tude of the star in the time of Milieus would have been 5* 27° 
52' ; and they concluded that the difference [1° 37'] was caused 
by a movement whidi the equinoctial pmnts had made in a di- 
rection contrary to that of the general precession. In fact, 
however, the longitude of that star in the time of Milieus was 
equal to 5* 27° 22', and in that cff Alpbonsus, 6° 13° SO', the 
error of the former astronomer being 1° 7' in defect, and of the 
lattor, 18 minutes in excess ; and this result will serve to diew 
the degrees of accuracy with which the observations murt have 
been made. 

liike some of the Arabian astronomers, Alphonsns seems to 
have been little satisfied with the notions then prevalmit con-’ 
coming the planetaay systems, and is sidd to have observed that 
if the Deity bad ddtgned to consult him at the creation of the 
universe he could have suggested one less comj^ex. This 
charge, so impnqietly prefeored against the Author of Nature 
mig^ have been, with some appearance of justice, nrged agamst 
the systcMn-makms of his owh time ; who, in frie attempt to 
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macHm iitteriy inccsl^isteiit wiCli that aaisjdieitf which haa' 
alwajs be<^ coDceived^ he the eesential qaalitf a 
attributed to the immediate agencf of the Su|^^e lotdhge&ee. 

The Rabbr^isaac Abensid^to whom was euliwtedtfae forma* 
tion ^ die Alphonsine tables, finding that (be ehangie Wfaieh 
would lesalt, in the places of the eqmnoetiat points, ttom the 
fhw of trepidatioii assigned byThebith, was not suffici^t to ac* 
count Ibr the increase in (he longitudes of the stars sin^ the 
time of Ptolei%, made (he period in which the oscinatory mo^ 
tion of those points was compensated^ equal to TfiOO years, and 
inaltod this movement with that a uniform progressipn in the 
circumference of the ecliptic, which he supposed^ to be com* 
pleted in 49000 years ; but the adoption of these numbers 
seems to have no other foundation than the proportion they bear 
to the sabbatical period of seven years, and to that of the JubOee^ 
which is equal to forty-nine years. 

The century in which the disciples of the Arabian school 
were cultivating astronomy in Spain was distinguished by the 
labours of Albertus, Bishop of Ratisbon, who composed a trea* 
rise on the sphere, and of the English mathematicians, John 
Ilali&x, or Sacro Bosco as he was called, and Roger Bacon ; the 
first of whom executed an abridgment of the Almagest with a 
commentary ; and the last, so celebrated for his erudition and 
the persecutions he underwent from the ignorance and malice of 
men of his own order, besides many discoveries in mechanics, 
chemistry and optics, was the first to shew, probably fiMun ob- 
servations made by himself, that the days of the ^uinoxes hap- 
pened earlier, with respect to the calendar, than they did in the 
time of Ptolemy ; and he concluded, in his Opus Maju^y thal: 
the anticipation was equal to one day in 125 years, which is 
nearly correct ; in the same work he notices also the enor in 
the period of Calippus, which, he rightly observes, is eqmd W 
one day in M4 years ; and from these circumstanoes it is 
dmit, is Batlly has shemi, that this remarlufole ecelesiastie had 
(be merit of foreseeing the necessity of conrectiitg the csimidar 
^.three centories before that correction was aetaslly made. ^ 
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Jl dark period in the hiatoiy of ^tronomy Attends 
end of the thirteenth, to the middle ^ the fiftemth #e&tnty, 
when Purbach, in his 77ieme« n&m Pkmefarum which was 
published in 1460, proposed a return to the hypothesis of ma- 
terial spheres, invented by the more ancient philbsophers to 
keep the bodies composing the solar system in’ their eternal 
paths ; to this he Vas induced, probably, by a desire to avoid 
the difficulty, which then, from the attention beginning to be 
paid to physical subjects, seems to have been felt, in conceiving 
why those bodies should, without any known cause, describe in 
space the circumferences of imaginary circles Whose centres 
moved also upon the circumferences of otlier circles equally 
imaginary. In the system of Purbach, as in that proposed by 
Albategnius and Alfraganus, the exterior and interior surfaces of 
the spherical idiells were not concentric ; between the interior 
surface of the outer shell and the exterior surface of the next 
interior shell, as between two walls, another spherical shell, 
bearing the planet, revolved in tlie manner of an epicycle, in a 
direction contrary to that of the deferent ; and, to produce these 
movements, two different motive powers (anima) were supposed 
to act. The earth was still supposed to be the centre of the 
universe: the system of shells constituting tire eighth sphere, 
or that of the fixed stars, w'as made to include the seven sys- 
tems of spheres immediately connected with the planets, and to 
revolve about the earth with the diurnal motion. 

The dispositions and movements of the planetary spheres 
may be imagined from the following explanation of the system 
proposed by Purbach for the lunar orbit. According to this as- 
tronomer, the moon may be supposed to be accompanied by 
seven chrystalline shells, or hollow spheres, constituting three 
deferents or principal orbs, surrounding the earth at certain dis- 
tances, and two, or rather four epicycles. The exterior surface 
of the first orb x, [Plate IV. fig. 2,] was supposed to be concen- 
tric with the earth, £, and to coincide with the interior surfi&ce 
of the lower orb belonging to the syst^ of Mercury ; the centre 
of the mterior surface of x may be supposed at c, at a certain dis- 
tance from the earth : within, and concentric with this surface, 
were two other orbs v and z, the former in contact, but the 



XVM«] Dtn«lir0 T3® 

o&er At 801Q6 distance from iba;t eo liiAt between them 

there wjs a;space withhi which wm*e the two t^cmtrie orbs 
n and f fonmng^ the first epicycle ; and, in Ibe space between 
these, the two g and h winch constitute the second epitfycle: 
between these last the moon herself was situated. The deferents 
Y and z were supposed to revolve on a common axis passing 
through c perpendicularly to the plane of the moon’s apparent 
orbit in the heavens; the epicycles, d and f, on one qommon 
axis passing through s, and o and h, on another passing through 
v; and these last axes remain constantly parallel to them- 
selves, and to the first axis through c, while they revolve, respec- 
tively, round c and s, their centres of motion, a p is the line of 
the apsides and when the moon, by the revolution of the epi- 
cycles, is brought to A, in contact with the eccentric fephqre y, 
she is in the auge or apogcum of her orbit, and this sphere, 
being supposed to have a velocity of revolution from wesrto 
east equal to the progi'ession of that point, was called the de- 
ferent of tlie auge^ as if the latter had been a material point at- 
tached to the surface of the sphere. The orb x revolved from 
east to west about an axis passing through e perpendicularly to 
the plane of the ecliptic, with a velocity equal to tliat of the 
moon’s node ; it, therefore, caused the relrogradation of this point 
upon the ecliptic, and, on this account, was called the deferent 
■of the node. The orb z was called the deferent of the first 
epicycle, and this, the deferent of the second; and the diameters 
of these epicycles were imagined to be equal to the distances 
between the shells which contained them. The movement of s, 
which was uniform about c, represented the moon’s mean mo- 
* tion : and this was modified by the movements of v about s, and 
of the moon about ' v, so as to produce the observed first and 
second inequalities of the motion in longitude. 

At the end of the fifteenth, or the beginning^of the sixteenth 
century, the system of homocentric spheres ascribed to Eudoxus 
and Calippus was revived by Fra Castorius, with the addition 
of several new spheres imagined for the purpose of explaining 
the movements of the planets and fixed stars, which were un- 
hnown to those ancient astronomers ; and, in a treatise entitled 
ifomaceHlrica, be has explained at length their disposition and 
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1^ of these hypotheses may be le<fio^ and what be^m 
long since abandoned may seem scarcely ^ea^rvmg of desciip* 
tion« bnty since the dawn of a brighter day of aci^me was in that 
age last approaching, we feel onrsdres justified in presenting a 
s^rt account of the last of the systems which may be considered 
as belonging to the Grecian school of astronmy* 

The spheres winch accompany each of the five planets are 
divided into two classes, each, except in the case of Mars^ con« 
sisting of five spheres; these, beginning with that on the ex- 
terior, are respectively denominated circumdnctor, drcitor, con- 
travector, anticircitor, and second contravector. Thus Saturu, 
Jupiter, Venus and Meicury are, each, moved by ten spheres, 
but on the exterior of the system of each planet, except Saturn, 
is one additional sphere, for the purpose of pre^^enting the 
spheres of any planet from communicating their general com- 
pounded movement to those of the next interior planet. Mars 
has nine spheres in all, of which that on the ^exterior is for the 
purpose last mentioned, and the remaining eight are divided into 
two classes, each consisting of a circumductor, a drcitor, a con- 
travector and an anticircitor. The sun has four, spheres aud the 
moon, seven. And from the combination of the general diurnal 
motion of the heavens with the proper movement produced in 
each planet by its attendant orbs, it results, according to Fra 
Castorius, that the real movement of the planet, as well as that 
which, to a spectator on the earth, it appears to have, is in the 
direction of a spiral curve. . 

For each superior planet, in jhe spheres of the fust doss, the 
circumductor revolves upon the axis of the ecliptic in the period 
of the planet^s sidereal revolution about the earth ; under this is 
the drcitor, which revolves i^on an axis lying in the plane of the 
ecfiptic, in the situation of the mean line of the nodes of the ap- 
parrat orbit, and whose poles are caizied through its ciicumfer- 
ence in the period just mentioned : under the drcitor, and upon 
an axis whose poles revolve about the poles of the latter sphere 
at certain distances from them, revolves the contravector in a 
contrary order, and with twice its velocity, so that the last two 
spheres produce a trepidation, or movement alternately direct 
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of motaon in longitade and latitodiB won an^ftoaefl to t>is omn^ ' 
pletod itt'flw time of tlie {danefs idderetd n<rolatio&. IRiO anti, 
drcilor fellow*, under tite cGntmreotor, and 'tlie aa:ki of iSda 
cohere has a movement in the same-eader a* dirt of die efareator, 
bat the levolati^ ’of the sphere on its aads is dimcdjr eootrai^ 
to that of the cixcitor on its azis; ahd lasdy, cmnes the seifend 
eonttavector whose offieeis,'to fonn, with the andchoitof, a new 
movement of trepidation diminiidnng that of dm odiit in latibide 
whidi, by the movements given to the first eircitm and contra- 
vector, it seems to have been impossible to avtdd making too 
great, without, at the same time, tfimiatshing too mudi the ex- 
tent of the trepidation of the node in longHode, In the spheres 
of the second clus, for each superior planet, the first' was the 
circumductor which revolved upon the axis of the ecliptic in the 
interval between two consecutive conjunctiom or oppoi^ons o£ 
the planet with the sun under this, in fee same order as befive, 
follow the circiter and contravector, which produce a trepidation, 
or an ahemation of fee planet’s motion in longitude, togethm’ 
with the oorresponding vatiations of its latitude ; and finally, 
come the anticircitor and second contravector, whose uses are, to 
dimmish fee latitude which would result fiom the movements of 
fee two fiamm sidieres. The last sphere Was supposed to txaj 
the planet itself *: thus fee first five sphms produced fee direct 
and retrograde movements mpposed to have been obsmved in 
fee nodes of the planet, and those variatiims of the {danrt’s mo. 
tion in latitude which recur in fee course of its sidereal revolu- 
thm about the earth ; and fee last five, {noduced fee direct and 
retrograde movemmits of the planet itself and fee variations tit 
its velocity, both in longitade and latitude, which are accom. 
plished in fee period of a revolution wife respect to fee sun. , 
Ibe principal differences between dm movements of the 
spheres belonging to fee in&ri(»,'aiHl feose belmig^ng tofeo' so. 
perior planets are, feat fee first drcumditctor, in the finnmr, ia 
ipsAi to revcdve abort its axis in one year, fee time in vidiidi 
* Homooentrioa> fieefc. « 
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jUde .ofitfth, md the second drcum^ctor revokes iBboUtihs asde 
in ^e bterval between two mfbicw oonjnnciione of each planet ; 
sold the trepidation prodaced by the eii6itor and contrewector, in 
the second class of spheres^ extends on either side of the stui as 
ftr as the greatest elongation of the planet l&om that luminaiy 
Four spheres were supposed to accompany the sun, and of these^ 
the hrst is placed immediately under Mars> in order that the 
motion of the luminaiy may not be affected by that of the plimet; 
under this is a circumducior, which revolves in a year on an 
axis coincident with that of the ecliptic ; and then follow, the 
circitor and contravector, by which an alternately direct and re- 
trograde movement is prodaced in longitude; this movement 
being combined with the superior movement of the circumduc- 
tor, which is constantly in direct order, produces the apparent 
accelerations and retardations of motion observed in the sun. 
The orbs which accompany the mooil are stated to be seven ; 
the first is placed imniediately tinder the sphere of Mercury to 
counteract the effect produced by the spheres of that planet ; the 
second is made to revolve on tlie axis of the ecliptic in a direc- 
tion contraiy to the order of the signs, and with a velocity equal 
to the retrogradation of the moon’s node ; the third is a circum- 
ductor which also revolves upon the axis of the ecliptic but 
in direct order, and accomplishes its revolution in the time of a 
sidereal revolution of the moon ; then follow the circitor and con- 
travector, which produce an alternately direct and retrograde 
'movement in longitude and a motion in latitude ; and, in com- 
bination with the movement of the circitor, cause the direct 
motion of the moon to be alternately accelerated and retarded ; 
lastly, come the anticircitor and second contravector, whose 
movements diminish, as in the systems of the planets, the lati- 
tude which would result from the movements of the two former 
spheres 

The system proposed by Fra Caatorius- for the fixed stars, 
consisted of fimr spheres, which together constituted what was 
called the eighth sphere. The first, or tlm Pritnutn Mobile, re- 
volved on the axis of the equator from cast to west, in 24 hours, 
* Homocentrica, sect. 3. ^ Ibid. 
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drciio^ whose axis of rmoh^^dm yfm mwoseA ito he ipi tibe hse 
joining the mean places of the eqainocthd points^ and the t3ikd 
was a oontEavectorwhose axis of rerolution was inclmed to that 
of the last sphere at a small angle ; by the contrary re?oluitions 
of these two spheres the true equinoctial points obtained a move* 
ment of trepidation, which was supposed to be oomjdeted in 
3600 years, and to e:;rtend aboi|| 4 degrees on each side of thdr 
mean places. The fourth may be considered as a ci^rcumduotor ; 
its axis of revolution coincided with that of the ecliptic, and it 
perfonned a revolution Orom east to west in 36,000 years; thus 
causing the general reirogradation of the equinoctial points, 
which was independent of the movement of trepidation just 
mentioned^. 

Tlie number of spheres required in the theory above described 
is sixty-seven ; but the inventor proposes ten others, to improve 
the representation of the phenomena of the fixed stars, and two 
additional spheres for the sun ; which would make the whole 
number amount to seventy-nine. The theoiy, however, does not 
seem to have long enjoyed any reputation, and Ricciolus^ in his 
Novum Almagesium **, says it was rejected by the best astrono- 
mers in his days, the distances it assigns to the different planets 
not agieeing with those indicated by their observed parallaxes ; 
and the solid spheres not being compatible with the observed 
movements of the comets. It may be added that, in the age of 
which we are speaking, the apparent magnitudes of the sun and 
moon were known to be variable, and this circumstance is irre- 
concileable with the hypothesis of concentric orbs ; but the in- 
ventor of a system is seldom at a loss for a prop to Uphold the 
edifice he has raised ; and Castoiius supposes that the celestial 
spaces are filled with matter of various degrees of density, in 
consequence of which, wheu a planet passes from a rarer to a 
denser medium, it appears larger, from the greater refiaction.of 
the light. By a similar explanation he accounts for the various 
durations of the eclipses of the moon : the image of the fun^ he 
observes, being more or less magnified, the cone of shadow oast 
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tie system ^ eccentric spheres which had been iiwaiteil 
bjr Poibachy was adopted by his pupil Begtomontenus, smd 
continned during the Mowing centiny to be teceiired in expla- 
aalimi of the cause of the celestial morements, bat additions 
were made to it subsequently to the time of these matbcmati* 
dans in order that its parts mig|t correspond more nwly witii 
those in the system of Ptolemy. The system thus modified was 
published by Mag^ni in 1^; and it may be consideied as 
formed directly from that of the Alexandrian astronomer by 
substituting material spheres for imaginary circles. Each planet 
was supposed to hare, besides the epicycle moving between 
two eccentric spheres, a sphere supplying the place of an 
equantoT circle of mean motion; and, in the solar orbit, the 
eccentric sphere was in like manner supposed to revolve on the 
* surface of another, to produce the movement of the apogeum 
and the observed variation of eccentricity. Four spheres were 
given to the fixed stars as in the system of Castorius, for the 
purpose of explaining the phenomena they were supposed to 
exhibit, and the ecliptic of the Primum Mobile was considered 
as mvaiiable in space; each pole of the ediptic belonging to 
the next interior sphere was supposed to have a libratoiy motion 
about the nearest pole of the fixed ecliptic by means of two small 
spheres, of which one was a deferent and the other an epicycle, 
and thus was produced the variations in the obliquity of the 
ecUptic to the equator. Each of the equinodial points belong* 
ing to the third sphere frean the exterior, was also supposed to 
have a libratory motion about the corresponding point on the 
fixed ecliptic by means of a small deferent and epicycle, to 
account Ibr what appeared to be the variations of the fixed stem 
in longteude and latitmle; and, fiqaUy, the interior sphere was 
supposed tepfodiioe the mean precession inl(mgitede. Notiring 
is more xemsricable in the ancient astronomy than that the 
opinion of an altematdy dnect and retrogiwjb movement of the 
fixed stmrs in longitude, and of a movement in latibide, diteald 
have so long prevailed; since it is now well known that, though 
such movements do exist, they are much too mnall to have been 
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however^ tiiattiie astroaome^ of tfae ettimol of iJ^^boUMW :b^ 
posed tiie tine auMtioo of the sj^beee si the tixed dtia% vith^ 
respect to the e(piinoctial poiitis, alsra^ cBreef, bat the 
veloci^ to be variable) so that when thtii motion waa moie ssrift 
tiauQ that of the sun, it seemed to be dh^; when move alow, 
to be retroginde. And when, tiom miperior accnncjr in the 
instruments, and better modes of observing^ thk apparent letso^ 
gradaticm was no longm* found to exist, the opinion stdl prevailed 
that the movement of the equinoctial points was variable, though 
both really and apparently, in direct order. 

The systems of the universe thus ‘‘itnth epicycle and eeeenific 
scribbled o'er,” may be considered as haring prevailed from the 
age of ApoDonius to the mid of the sixteenth century; and their 
complexity went on increasing with time till it became, at 
Imigth, BO great as to render them unfit tor the purpose of assist- 
ing the imagination in conceiving the motions of the heavoaly 
bodies: the removal of the prejudice in favour of the stability of 
the earth and of the circular movements of planets, whidi had 
taken possession of the minds of the fiirst astronomers, lifce 
a pleasing but noxious plant spontaneously springing up in a 
virgin soil, and which, nourished by a blind respect for the 
sentiments of the learned men of antiquiQrhad, for centuries, been 
taking root, was, howeymr, a work of too great difficulty fat 
men in ages when freedom of thought, in philosophy cmd rdi- 
was considered equally criminal. But the eam-gies of the 
human mind, though liable to be occarionally subdued, are 
incapable of being utterly destroyed, and a biqipy idea, as it 
were by an inspiration fiem heaven, comes in due time to rouse 
the dmmant powers of man; tbm, disregarding the beaten 
tracl^ he boldly prosecutes his resear<^s in the new finmd 
way and, tot a long tune, diacovmies follow each otherwith 
astonishing rapidity. A revtditiion of this nstoxe ti»ok plnee 
at the commencmnmit of the seventeenth centiiiy; and, befim 
the tight oi sound piujosopby, vamshed the mninemis nothute 
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We bare shewn that amdtachmeDt to tins pretended ait |HPe< 
vailed to a great extent in the heathen world; the desire which 
all men feel to penetrate into fiitmity hadrendmed^the practice of 
it profitable, and its professors had, in the hope of greater gain 
and credit, a motive to lay its foundations in the true science of the 
stars; but, as these persons som^imes presumed to interfere, by 
their predictions, in political matters, it was to be expected 
that they should occasionally render themselves obnoxious to 
the constituted authorities; and we find that they were frequently 
banished from Rome as enemies of the state. The first Christ- 
ians who considered any enquiry into the hidden plturposes of 
the Deity to be an act of impiety, entertained the utmost horror 
of astrology^ and compelled such of their proselytes as bad been 
addicted to it, immediately to abandon the practice of the art 
on pain of excommunication; but the disciples of Mohammed 
seem to have been sulgect to no such prohibition, for they 
devoted themselves to the study with the greatest ardour, and it 
would seem that all their researches in astronomy were directed 
<Hily to that end: the writings of this people were the cause that 
the art was introduced into Europe; and, it is not wonderful 
that, in an age characterised by credulity and ignorance, it 
should be as eagerly pursued in this part of the world as it had 
been in the East; in feet, nearly all the astronomers of Europe, 
from the time of Alphonsus even to that of Copernicus and 
Kepler, were deeply imbued with this degrading superstition. 
From time to time the voice of some person more enlightened 
than his contemporaries was raised to shew the vanity of astro- 
logy, but the fears and hopes df man continued to support the 
ddusion tiU the fallacy -of some predictions to which great im- 
portance had beat attached, disabused persons of superior 
information: from that time the popular prgudice in its favour 
began to abate, and gradually the art itself fell into con- 
tempt. Ficus de ht Miiandola was one of its first opponents 
but his oppo8iti<m was at the time considered impious, and it 
was predicted that he would perish by divine justice before he 
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took effectual steps^ by poisoning a daiigerouB^^memj^ 
prediction should be fulfilled. 

During the 1400 years which had elapsed mnce the time of 
Ptolemy, the doctrine of the immobility of the earth, was per- 
tinaeiously maintained by the astronomers, of Asia and Europe 
and, to support tb^ system formed upon it, in spite of its insuf- 
ficiency to account for mauy phenomena which the zmmeFous 
obseiratious made in that time had brought to light, it was ne- 
cessary to have recoiurse to the most extravagant hypotheses 
and to complicate the machinery of the heavens to such a 
degree arf^lo divest it of every semblance of possibility; but 
while nearly all the learned in Europe were, with servile 
timidity, following the path of their predecessors, one man alone, 
in the beginning of the sixteenth century, ventured, though with 
cautious steps, to trace a youie which appears to lead almost di- 
rectly to the true system of the universe; this was Copernicus who, 
in 1543, published his work “De revolttfionibus arUum cceles^ 
tium'\ in which the phenomena of ttie movements of the planets 
are explained on the supposition that the earth has a motion 
upon its axis and about the sun. We have seen that this hy- 
pottiesis had suggested itself to many of the ancient philoso- 
phers, but no attempt had been, before, made to found upon it a 
system of astronomy, and, therefore, to this work of Copernicus 
we must ascribe the origin of that revolution which took place 
in the science when the parent idea was confirmed by the dis- 
coveries of Kepler and Newton. 

It must be observed, however, that Copernicus wanted all 
those arguments in support of the opinion that the earth was 
endowed with a movement of rotation and translation, which 
have been drawn fi*om discoveries made subsequently to his 
time ; and, in reply to the objections of his contemporaries, who, 
from the pride which is ashamed to yield, persisted in the doc- 
trine they had so long maintain^, be pould only urge the sam- 
plicity of the system and appeal to what he considered the tes- 
timony of the ancients in its favow. Thus, in the prefiice^to 
his work, written when near hb last moments, he deprecates the 
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«M ga>en% secovod id Mb taaiob oaa rawoseo JwBiMif 
<OiJbe groQsd that he i» not the oathor of^fho idea wMeh'ha 
tahea aa the haaia of hia f^ateoi of the Bobrase. .He :footea'a 
■pm»gfi hom Cicero in wMch it is stated that He i a dide a , :£f^ 
phantas and Nicetas sapp<Med the earth to rerolTe rhoat the 
centre of the oniverse, and that Hiikdans had aaserted the euth 
to be one of the stars; and he shews diat Axiatotle and Flntaach 
hare ascribed to the Pythagoreans die opinion that the earth 
turns aboiU the central file, which be siq^ioses, etroneonaly as 
we have seen, to signify the sun. But we find that though the 
ccnuparatire simplicity of his'system recominended it to a fisw 
men like himaelf who could give up, in fkyom ot an Ifypotbesis, 
what appeared to be the evidence of tMir aenseat yet, with the 
generality of mankind it happened, as might be expected, that 
the latter outweighed every consideration drawn from percep- 
tions of beauty or convenience; and, if we add to this, the opi- 
nion then entertained, that, to. consider the earth as holding 
only the same rank in the universe that was occupied by the 
other planets, instead of regarding it as the principal object for 
which the son, moon and stars were created, was to hold a doc- 
trine dkecdy opposed to that tanght in the Scriptures, we shah 
not be surprised that the reasonings of Copemicus and his 
dismjdes were long in acquiring any influence over the minds of 
men : indeed it cannot be said that those reasonings were gene- 
rally adopted fill the discoveries of Galileo, in m^lianical 
science, had disposed the leaned to reflect that the movemads 
of the planets might be regulated by the laws which infinaice 
the mutual actums of iarestrial bodies. 

It must, however, be distinctly underdood that the pianetary 
apntsm pnnnulgated by Copernicus is very frtr removed frmn 
thidryfaidb,, at present, is didinguished by hisnsnm; which can 
be asid to have oiigiaated only when Kepla had discovered Ae 
eSfyticifyof the orbits of the son, moon nid ftoets; mi to 
which, indeed, it correeppnds, only, in the cfamimstanoe of the 
earth’ameficn: hm i^stem, on the cmdrary, has amay poiats of 
resemblance to that of Ptolemy, and the reasons by wMeh be 
establidies the nature of the orbits aie aeaify the saaie ; he lays 
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iveqpuUtiw of fJenetaxy rnwrementg httre TCfggplar ietiitiijf, 
could only be the ease with bodies ffidving in oimdar mbits; 
and he condLodes that those moveraents mnst, M leality, be 
uniform, since no canse can be assigned for atiy ine^pmUy, 
eithm external or internal, with regard to bodies whose nature 
is so legnlar. The spherical form of the earth is ktietted finm 
the appearance presented by a ship as it approaches to, cnr re- 
cedes fram a spectator on the shore : and, in a section ndtiidi 
treats of tliS jdace cS the earth, he argues that, since the moticniB 
of the planets oStmot be repreamited by homocentric dsdes, ai^ 
that every planet has its own centre of motion, no reason can be 
given why the earth rather than any cme of these centres dionkl 
be in the midst of the universe ; also, in combating the argomcnt 
which the ancients drew from the descmrt of heavy bodies, 
he observes that there is no reason to suppose this propeiiy 
peculiar to the earth and if, in thought, says hc^ we place ontv 
selves in any other planet, even in the sun, we shall then, stOI, 
think ourselves at the cmitre of the celeetisl movemmits. 

Ptolemy had urged in support of bis opinion of the earth’s 
immobil|^ that, if it revolved on its axis,.all the objects on its 
surfece would, by the swiftness of the motion, be thrown from 
thence and du^rsed in space ; and, in r^ly to this argmnent, 
Copemicus toms it against tbe objector by obsmving* tiiat the 
dinmal revolution of the sphere ofthe universe, on its asi^woidd 
be more likely to derange the situaticms of the hescre^y bodies $ 
adding, though it should be admitted, as the ancients supposed, 
that such revolution was necessary to prevent the lAars from 
fidling to . tire earth, yet this would oidy hold good of those 
which were at one particular distance from thence ; those man 
distant, he observes, having greater velocity woidd contiaua% 
recede, and heaivmis would have no bounds. Hus argument^ 
which is draws witii so mwh pnpriety from phyimud considBr- 

‘ De Senilatioins, Ub. t. dug. 1. * IMd. lib. I. 4. ' . 

* IbUU lib. 1. cap. a 
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ace satoial are govetned lif iawa-ceiitna^ te tiMaa' 
which app«ff,m «|tttev«r is viokartaad'oppQseid io ibt tuAm^ 
aatiue. Sue^ a li^ly is ranch ia the taate of (be aaeiract eeheeb* 
the qoeslioa being left just as itwas ftmnd; but, it 

af^ears, frora thk observation, that the ideas ef'6<^peniieas eea- 
ceming centrifugal ftnces were not more fixed' than th^-i^ 
Aaaxagraas, yet the^ Polish pl^osopber iq>eah8 idraa^l #e 
language of Nevrton when be says* that the cease why i^l>> 
rtasces near the earth tend to its centre is only a natural 
tendency, given by the Supreme Being to all particlfh of matter, 
to mute and finrm globes ; a traidency, be adfig, by wtuch the 
son, moon and planets probably acquired the spherical ftom, 
and wbiob did not prevent them from performing their different 
revolutions. The planets therefore being in motion, be infers 
from analogy that the earth, also, is in motion ; but the supposed 
XBotiem of the snn being thus transferred to the earth, the formmr, 
be observes,' may be at rest ; and he proceeds to shew how, on 
this hypothetds, the alternately direct and retrograde movements 
of the planets may be explained. 

Let, for example, s [Plate IV. fig. 3] be the sun ; a b c n, part 
of the earth’s orbit ; a b c d, part of the orbit of a supeifor planet, 
and X Y an arc of the celestial sphere. Then, if a be the place 
of the earth when the planet is at a, in opposition to the sun, 
file j^aaet will, to a spectator on the earth, appear at a' in the 
heavens; and the angnlar motion of an inferior planet being 
imne rapid than that of a superior planet, when the earth is at b 
the plan^ may be supposed at b mid, consequently, will appear 
m ^ l^vmts at is', having, in the same time, apparently de^ 
scribed thp arc of retrogradation a'b'. In like manna, while 
the earth desoriba b c, and the jdanet tbecornutponding are b e, 
the movemoit in the heavens will be ie][»eseiited by s' o' wlrich 
is still retrograde : but, when the earth is arrived at n and the 
jdaaet at d, the apparent place of file latter will be s'; so that, 
ia fins last interval, its ajquirait movemmtt wiU be in direct 
* De Sevidntiime, Zdt>. L ow> 9* 
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wSser ; and, for a short time before asid after the change, the 
planet yoidd necessarily appear stationaiy with respect to the 
fixed stars. The apparent will, then, continue for a 

certain time, direct, after which, as might be easily shewn, it, 
again, becomes retrograde, and so On, alternately. And in a 
similar way the alternations of motion in the inferior planets may 
be explained. 

In the system promulgated by Copemictis, the earth is sup- 
posed* to have a threefold movement, of which the first is the 
diurnal rotation on its axis ; the second, the annual revolution 
about the sun ; the third, a conical revolution of the eartli^s axis 
about an imaginary line |>eq^endicular to the plane of the 
ecliptic and passing through the centre of the earth, which he 
considered as tlie vertex of the cone ; and the incliuation of the 
earth’s axis to this line was supposed to be equal to the mean 
obliquity of the ecliptic to the equator. The rotation of the 
earth on its axis produced the succession of days and nights, 
and the conical revolution of the axis was intended, by Coper- 
nicus, to produce a constant parallelism of the earth’s axis 
during the annual revolution, and thus, to cause the daily change 
of the sun’s declination and the succession of seasons ; for which 
purpose one of these conical revolutions should have been per- 
formed exactly in the time of an annual revolution of the earth 
about the sun ; but, to account for the retrogradation of the 
equinoctial points, the periodical time of this conical revolution 
was supposed to be less tlian tlie time of an annual revolution 
of the earth by about 20 minutes which, in one year, would cause 
each of those points to move from one conjunction with a line 
joining the centres of the eartli and sun, to the next, in just so 
much less time than it would have required to revolve from one 
conjimction with a line joining the earth and any fixed star, to 
the next ; this renders the distance, on tlie trace of the ecliptic 
in the heavens, between die two positions of either equinoctial 
point, at the interval of one year, equal to the known value of 
the retrogradation. 

Before the time of Copernicus, the meatis of making observa- 
tions had been considerably improved ; the ancients originally 
* De Revolutione, Lib. I. cap. 11. 
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designated the time at which my pheimmenon dccnanred, by the 
inorning, evening or midnight ; and the lat^ XSieek aalYciQometS) 
either by a clepsydra or hy a sun-dial^ neither of which admitted 
of accurate subdivisions : but we are indebted to Regiomontanus^ 
a fnend of Purbach, for the first proposal to determine the hour 
of an observation by the altitude of the sun or a star^ simul- 
taneously taken ; a method susceptible of great preciition. A 
ball suspended by a string fi'om a fixed point is said to have 
been early used to measure, by its vibrations, small intervals of 
time : but Walter of Nuremberg, a pupil of Regiomontanus, was 
the first who made use of clocks formed of wheel work, to which 
motion was given by a weight ; it was not, however, till the 
middle of the seventeenth century, when a son of Galileo ap- 
plied to such a machine, a pendulum, in ordep to regulate its 
movements, that they were rendered available as time keepers 
for astronomical purposes. It appears that the method of ob- 
serving the places of stars had not changed between the times 
of Hipparchus and Copernicus, for the latter, in describing the 
process he employed, states that the longitude of the sun was 
found from the tables and, the Astrolabe being adjusted to coin- 
cide with tlie plane of the ecliptic, the degree on the circle re- 
presenting this longitude was, by one of the Alidades, directed 
to the sun ; the other alidade was directed to the moon and^ 
subsequently, to the star; by which means the differences of the 
longitudes of the sun, moon and star were ascertained ; Walter of 
Nuremberg had, however, previously to the time of Copernicus, 
recommended that the planet Venus, when visible together with 
the sun, should be used for the Same purpose instead of the 
moon, in order to avmd the errors ariring fiom the inaccuracy of 
the lunar tables, when the movement of the moon was det^- 
mined for the interval between the times at which the alidade 
was directed to that luminary and to the star. The same astro- 
nomer proposed, also, to detetmine the places of planets by taking 
their angular distance from two or more stars ; and, from thence, 
to compute, by trigonometTy, their longitudes and latitudes, those 
of the stars being supposed to be known ; a method which is 
now superseded by that practised in fixed observatories but, still, 
advantageously employed to determine the places of comets or 
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new stare by persons who hare no access to equator^ or 
niendipiikd instruinente^ 

Copemictis himself made many obserrations on the heavenly 
bodies for the purpose of determining those elements which 
enter into the i^cience of astronomy ; he ascertained the longitudes 
and latitudes of the stars and planets, the obliquity of the 
ecliptic, the periods of the sun’s returns to the equinoxes or, 
rather, to points of the ecliptic distant 45 degrees from 'th|m ; 
and he compared all the deductions made from the data which 
his observations afforded, with those which have been trans- 
mitted by the ancients. He seems, however, to lend implicit 
faith to the determinations of former astronomers ; and, without 
considering for a moment the chances of error in the observa- 
tions made by inexperienced persons, with instruments possess- 
ing few pretensions to accuracy of construction and, from th^ 
nature, but little capable of giving the place of any celestial 
body with precision, he endeavours to make the system of the 
Universe represent all the variations which were supposed to 
have been discovered in tlie heavens. Thus°, comparing the 
longitudes assigned to the stars by Timocharis, Hipparchus, 
Ptolemy, Albategnius and himself, he finds^ as the Arabians, and 
as the more ancient observers supposed they had found, the 
movement of the equinoctial points to be variable in velocity, 
and even to be alternately direct and retrograde ; this alternate 
movement, which he calls the anomaly of the equinoxes, he 
supposes to be compensated in 1717 years; and, to correspond- 
ing variations, which he imagines, by like comparisons, to have 
found in the obliquity of the ecliptic, he assigns a period of 
3434 years : he considers the ecliptic to be a fixed plane ; and 
he makes the mean annual precession of the equinoxes equal to 
50" 12'", which is extremely near the truth. 

To account for the above mentioned imaginary variations in 
the longitudes of stars and in the obliquity of the ecliptic to the 
eqnator, he supposed the axis of the earth to have a second 
conical movement by which the pole revolved in the circum- 
ference of a small circle about its mean place in the circle 
described by the first movement ; thus producing, in the equi- 
* De Revolutioiie) Lib* III> cap- 1 and Sb 
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noctial points, an alternate retrogradation and advance in longi- 
tude, with corresponding movements in latitude: and these 
movements of the earth, Copernicus observes, will supersede 
the different spheres which have been imagined by former astro- 
nomers, to exiplain the variations supposed to have been ob- 
served in the longitudes and latitudes of the fixed stars. It is 
worthy of remark that a uniform conical revolution of tlie cartli’s 
axis, about that of ilic ecliptic, as above described, but in a 
period equal to about 25000 years, is, in die astronomy of the 
present day, made to represent the cause producing the mean 
retrogradation of the equinoctial points; while that which is 
now called the nutation of the eartli’s axis is a movement of 
that axis very similar to the second conical movement above 
mentioned : like the nutation, though the period of its revolu- 
tion is very different, this second movement represents the cause 
of certain small variations in the positions of the stars and in 
the obliquity of tlie ecliptic ; and it is possible tiiat a knowledge 
of the hypothesis of Copernicus may have, subsequently, guided 
Bradley to that wliich he proposed for the purpose of repre- 
senting the variable actions of the sun, moon and planets upon 
the equatorial regions of tlie earth. 

In detennining the elements of the sun’s, or, as it must be 
now considered, the cartli’s annual orbit, Copernicus, misled, 
probably, by the inaccuracy of the solstitial observations, ob- 
sen^es that, as the length of the tropical year, when ascertained 
by the returns of the sun to the equinoxes, does not agree with 
that found by his rotiiras to the solstitial points, it will be pre- 
ferable that the length of the year should be found by observa- 
tions made on tlie times of the sun’s return to certain fixed 
stars ; and, from such, he actually determines the sidereal year 
to be equal to 365 days, 6 hours, 9 minutes, 12 seconds, which 
Delambre proves to differ from the truth only by about half a 
second. But on comparing the lengths of the tropical year de- 
termined by Hipparchus or Ptolemy, by Albategnius, Arzachel 
and himself, he finds some indications, (as before his time, Arza- 
chel thought he had found,) tliat they are, alternately, greater 
and less ; the eccentricity of the orbit and the equation of its 
centre appeared also, from observations made since the time of 
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Ptolemy, to experience continual disrinutiima ; and the place 
of the apogeiun, which was, at first, thought to be fixed in the 
heavens was, by the like comparison of observations, suspected 
to be moveable, in an order alternately direct and retrograde. 

The inequalities supposed to have been observed in, the 
length of the tropical year were, by Copernicus, ascribed to four 
different causes, the first is the variation of the precession 
which, he observes, was the only one known to Ptolemy ; and 
which is now considered insensible. The second, which he 
denominates tlie sun’s annual equation, is nearly that w^hich is 
now called the parallax of the earth’s orbit, being the angle sub- 
tended, in the region of the fixed stars, by the semidiameter of 
the latter ; in consequence of which the apparent motion of the 
sun, in a given time, if seen fi-om the earth, is not in reality so 
great as the corresponding motion of the earth if seen from the 
sun ; though the best modem observations have shewn that this 
angle, also, is insensible. Tlie third is a variation in the above 
equation on account of the eccentricity of the orbit, by which 
tlie centre of uuilbrm motion does not coincide with the sun ; 
and the fourth depends on tlie observ^ed movement of the sun’s 
apogeum or, as it should now be called, the aphelion iioint of 
the earth’s orbit. 

The variations dctemiined by observations at different 
seasons, in the equsition of the sun’s centre,^and in the movement 
of the aphelion, not being found capable of explanation by the 
hypothesis of a simply eccentric orbit, Copernicus was reduced 
to the necessity of making the eartli move upon an epicycle in 
the follow ing manner. Let c (Plate V. fig. 1) be the centre of 
the ecliptic apG, and make cs equal to the mean eccentricity, 
then s may represent tlie place of the sun ; about c, as a centre, 
describe tlie circle fh E wdth a radius equal to half the difference 
of the greatest and least eccentricities ; then, tlie centre h, of 
the epicycle akp, on whose circumference the earth performs 
its annual revolution, in direct order, or from a towards x, is 
supposed to be cairied slowly and in retrograde order, on the 
circumference of the circle e h f during that revolution ; by this 
hypothesis ap, the line of the apsides, will have a libratory 
motion about ap, producing the supposed alteniatcf movement 
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of Ifie aphelion point a ; the eccentiicity slit wBl be variabtej 
Imdwill produce correspoiwEiiig variations in the equation of 
the centre. Copernicus makes the ratio of sc to CE equal to 
that of 809 to 48, from such observations as he had reduced ; 
his determination of the sun’s parallax is the same as that of 
Hipparchus, but he makes the angular diameter of the sun 
equal to 31' 48 ' and 88' 54", irheu in apogeo and perigeo, re- 
spectively. 

An important advantage obtained from the system of XJoper- 
nicus was, that it afforded a means of determining the relative 
distances of the planets from the earth and sun, by taking the 
rectilinear distance between two positions of the earth as a base, 
at times when, by computation, any planet whose distance is 
required is in the same point of its orbit, and finding the angles 
subtended at the earth by the interval between the sun and 
planet and that between the planet and some fixed star. Thus, 
let S (Plate V. fig. 3) be the sun ; s a fixed star, e and e' places 
of the earth in its orbit, at two times, when a superior planet is 
in one and tlie same point p of its orbit ; then p and p' may be 
supposed to be the two apparent places of the planet when seen 
from E and e' respectively. Imagine E s' to be drawn parallel 
toE's; then, the whole diameter of the earth’s orbit being in- 
sensible in the celestial sphere, we may consider s and s' as 
coincident, and the angle s'Ep as equal to sEp: but sE'p' and 
sEp, or its equal, s'Ep, are the visible angular distances of the 
star and planet when seen from E' and E respectively, and the 
difference pp', of the arcs sp' and sp, which measure those 
angles, may be considered as the measure of the angle prp', or 
EPE', which is, therefore, known from observation: the line 
EE' is known because each of the sides Se and Sk' is supposed 
equal to unity, and the angle eSe' is the difference of the sun’s, 
or of the earth’s longitudes at the times of observation, which 
longitudes are known from the tables of the sun’s motion. The 
difference between the sun’s longitude when the eartli is at s', 
that is, the angle T S S', or the arc T S' in the celestial sphere, 
(T being the equinoctial point) and the planet’s geocentric 
longitude, at the same time, which is measured by an arc inter- 
cepted between T and p', and is found from the tables, pves 
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the arc betweea S' and p', ox th€» ans^ S-^p; aod, aince the 
angle is Imown, we have the angle eb'P; l^bere&xe, in the 
triangle ee'p we have a side and all the angles^ to find and| 
in the triangle fe'S, we have e'f and E^S and the included 
angle ; from whence we may find pS, the distance of the planet 
from the sun. The above is an outline of the method by which 
Copernicus may liave found these distances^ it being under* 
stood that all the necessary corrections have been made^ to re- 
duce the angular distances of the planet jfiom the star, to the 
plane of the ecliptic, in which the longitudes are computed. 

In the theoiy of the planets, Copernicus supposed those 
bodies to revolvje about the sun, as we have said, and he pro- 
posed two hypotheses concerning the manner of their revolu- 
tions ; in the first, a homocentric, or circle described abqut the 
sun as a centre, carried an epicycle which was surmounted by 
another, and both epicycles had equal movements but in oppo- 
site directions. In the second, a single epicycle, as mm' (Plate 
V. fig. 1) was carried on an eccentric circle, as aop, whose 
centre c was supposed to be distant from the sun s, three-fourths 
of the value assigned, by Ptolemy, to the eccentricity of the 
orbit ; the semi-diameter of the epicycle was made one-fourtli of 
the same value ; and both the planet in the epicycle and the 
centre of the epicycle itself were supposed to revolve according 
to the order of the signs, with uniform motions. This hy- 
pothesis, however, was only applied to the superior planets; 
the eccentric circle of Venus was supposed to have no epicycle, 
but its centre moved on the circumference of a small circle, as 
in the system of Ptolemy ; and the great eccentricity of Mercury 
rendered it necessary, in order to bring the results of theqiy 
nearer to those of observation, to employ, for this planet, the 
following modification of the hypothesis proposed for the orbit 
of the earth: let s be the place of the sun, and sc the mean 
eccentricity of Mercury: let eh f be a circle described about c, 
with a radius equal to half the difference of the greatest and 
least eccentricities ; then the centre H, of the first epicycle akp, 
is supposed to move upon the circumference of the circle fee, 
and the planet itself to describe the second epicycle N n', whose 
centre a, moves upon the circumference of the former epicydle. 
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Ot^pemicus is tbe first wbo <bew, from the limited dongatioM 
of Mcrcttiy and Venus from the snn» tbe conclusion ^at the 
latter was contained within tbe orbits of those planets. 

In applying the first of the two hypotlieses above mentioned 
to the lunar orbit, Copernicus supposes the deferent circle to be 
concentric with the earth ; the centre of the first epicycle to turn 
on tbe circumference of this, according to the order of the signs; 
the centre of the second, to turn on the circumference of Uie 
first in a contrary order, and the moon herself on the circum- 
ference of the second, again according to the order of the signs. 
Twice in a month she was supposed to describe the circum- 
ference of the epicycle on which she moves; and wdien the 
centre of the first epicycle is in conjunction with the earth and 
sun, he considers the moon to be in perigoo, but when that 
centre is in quadrature, he supposes her to be in apogeo. He 
makes the diameter of the moon to vary from 28' 45" to 37' 33", 
and the parallax, from 50' 10" to 05' 44", which values, of both 
elements, arc much nearer the truth than those assigned by 
Ptolemy. 

One cause assigned by Copernicus for the variations of a 
planet’s latitude w^as the obliquity of its orbit to the ecliptic by 
w'hich the planet, in different positions with respect to its node, 
is at various distances from the plane of the eeiiptic; the second 
cause w'as supposed to depend upon tlie various distances of the 
planet from the earth, by which the circle of longitude inter- 
cepted between the former and the ecliptic appeared to subtend 
various angles at the latter; and the third was referred to an 
oscillation of the orbit by which its inclination wras increased or 
diminished, and this, as in the more ancient hypotliesis, was ex- 
plained by supposing the mean node to revolve on the circum- 
ference of a small circle w^hose centre was fixed in the plane of 
the ecliptic. 

The movement given by Copernicus to the earth served to 
explain the alternations of planetary motion, firom direct to re- 
trograde, and the contrary; which, in the system of Ptolemy, 
required a particular epicycle for each planet; the equation of 
the centre, in any orbit, was provided for by the eccentricity 
w^hich both the ancient and modem astronomer assigned to the 
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defeii^iit; and the epicycle retained by the latter was intended 
to account fof the other variations which, up to his time, had 
been discovered: it does not appear, however, that Copernicus 
had adjusted the positions and dimensions of the circles so as to 
make them represent all the phenomena which had been ob- 
served in the movements of the planets and it would be useless, 
now, to attempt such an adjustment. The system must be admitted, 
notwithstanding the advantages it derived from the happy idea 
of placing the stm in its centre, to have been extremely compli- 
cated, principally on account of tliat unfortunate adherence to 
the ancient prejudice in favour of circular and uniform motions 
which prevailed to the time of Kepler. Reinhold, the friend 
and disciple of Copernicus, makes mention indeed of an oval 
figure in speaking of the orbits of the' planets, and observes that 
it may be considered as the real orbit of Mercury; he seems, 
however, to have in view only the cur\"e described by the centre 
of the moon’s epicycle in the ‘system of Ptolemy which, as he 
could not avoid remarking, is of that kind; the observation is 
worthy of notice in the history of astronomy, but it cannot be 
considered as an anticipation of the discovery, subsequently 
made, of the true fonns of the planets’ orbits. 

It would seem as if Copernicus had been inclined to admit 
the matei'iality of the orbits ; for, speaking of his owii hypo- 
thesis, in which, as in tliat of Ptolemy, the centre of mean 
angular motion and that of constant distances arc at different 
points in space, it is, he observes, contrary to the laws of 
physics that a body should revolve about two points with no 
material object to retain it in its place : he adds that, to enable 
it to do so, it would be necessary to have, attached to each 
planet, a spirit or intelligence which should fulfil two different 
conditions at the same time: and it is not improbable that 
Copernicus, whose notions of the principle of attraction were 
very vague, might have been induced to fall in with the material 
hypothesis rather than have recourse to the agency of spiritual 
beings, which some astronomers of that age had adopted from 
the philosophy of the Platonists. When we consider the state 
of the human mind in the time of Copernicus, we hardly know 
whether to admire most his merit in the invention of those 
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hypotheses by which his theoiy of the earth’s motion was 
made to satisfy the observed phenomena of the heavenly, bodies^ 
or the boldness which prompted him» in defiance of the preju- 
dices of his age, to make public a theory of which the fun- 
damental points were, then, incapaUe of proof. It was not till 
the discovery of the spheroidal figure of the earth that a direct 
argument could be o£r(^ed in favour of its rotation on its axis^ 
nor, till the discovery of tl^e velocity of light and the aber- 
ration of the stars, that the earth’s annual motion could be 
demonstrated. 

A set of astronomical tables, computed on the system of this 
distinguished philosopher was published in 1551, by Reinhold, 
and was found to be more accurate tlian that of Ptolemy; but it 
is easy to conceive that this was due not so much to the supe- 
riority of the new system over the former, as to the better data 
afforded by the more accurate observations which had then 
been made. 
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CHAPTER XVIII. 

THE WOBKS OF TYCHO BBAHE AMH KEFLEB. 

The system of Tydho Brahe.— The xnoon*s variation and annnal equation 
disoovered. — Erroneons ideas of Tycho Brahe concerning Ihe distances of 
the planets and stars.— Opinions concerning the orbits of comet8«A new 
star seen. — Improved methods of observing the cdestial bodies.— Correct 
Ideas of Tycho Brahe concerning the precession. — Character of Kepler. — 

He discovers that, in the earth*B oihit, the centres of mean motion and of 
mean distance are not coincident. — His manner of computing the distanee 
of the earth from the sun.— He discovers the elliptical form of the orbk of 
Mars. — Relation of the areas described by the earth's radii vecUxres. — His 
manner of detennining the radii vectores and the anomalies. — An imaginary 
relation between the distances of the planets founded on an inscription of 
the r^ikr bodies within their orbits. — He discovers the relation between 
the distances of the planets and the times of their revolution.— His hypo- 
tliesis of attraction. — The planetary motions supposed to result from the 
combination of two forces. — The tides ascribed to the action of the moon— 
Change made by Kepler in the system of Copernicus. — His law of astrono* 
mical refraction. — The last correction of the Calendar. 

It will be unnecessary to dwell long upon the system proposed 
by Tycho Brahe, a celebrated Danish astronomer, who was for 
some time contemporary with Copernicus, and lived to the end 
of the sixteenth century; in the latter part of which he was dili- 
gently employed, in a severe climate, in making celestial obser- 
vations with large and accurate instruments, several of which 
were his own invention. Less happy in systematising than in 
observing, Tycho Brahe seems to have endeavoured to unite the 
hypotheses of Copernicus with those of Ptolemy, perhaps in- 
duced by the repugnance, then universally felt, at the idea of the 
earth’s movement, and a desire to share the reputation which the 
Polish philosopher had recently acquired. He supposes the 
earth to be stationary, in space, at the common centre of the or- 
bits of the sun and moon ; but he considers the sun to be the 
moveable common centre of the orbits of all the other planetEh 
In his lunar system, be modified that of Copernicus by causing 
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the deferent, trhich was still made to cany a doable epicyde, to 
be eccaitric with respect to the earth ; and by this combinatiou 
the inequalities of the moon^s motion, which had been discoTcred 
by Ptolemy, could be represented : but the observations of Tycho 
Brahe led to the knowledge of a new inequality which disap- 
pears in the syzygies and quadratures, and was found to have 
the greatest value when the luminary is in die octants, when it 
was supposed to amount to 40' 30 ' ; tliis is that which is now 
called the moon’s variation ; it is proportional to twice the dif- 
ference between the apparent longitudes of the moon and sun, 
and its maximum value is about 4 minutes less tlian that wliich 
was, at the first discovci^", assigned to it. In order to represent 
it, Tycho Brahe supposed the centre of the moon’s eccentric to 
move, in direct order, upon the circumference of a small circle 
with a velocity equal to the double of that with which the moon 
advances from the sun ; the circumference of Uiis small circle 
passed through the earth, with which, in the syzygies, tlie cen- 
tre of the eccentric was supposed to coincide ; while, in the 
quadratures, it coincided with the opposite extremity of that 
diameter of the small circle. The centre of the first epicycle 
moves upon the deferent nvith a velocity equal to tiie moon’s 
mean motion in longitude ; that of the second epicycle moves in 
retrograde order, with the anomalistic motion, and the moon her- 
self moves in direct order, upon the second epicycle, with a 
velocity which is the double of that last mentioned : and it may 
be observed that when the centre of the second epicycle is in the 
apogeum of the first, the moon is in the perigeura of Uie second, 
lycho Brahe, from his observations, computes that the semi- 
diameter of the first epicycle is equal to 6800 ; of the second, 
2900 ; and of the small circle at the centre of the deferent, 2174 ; 
the distance from the earth to the apogeum of the deferent be- 
ing equal to one hundred thousand. 

It appears also that Tycho Brahe had discovered, by com- 
parisons of the obser^ ed Mdth the calculated places of the moon, 
that another inequality existed in the motion of that luminary : 
he does not, however, make a separate equation for it, but intro- 
duces it into that value of the equation of time which be em- 
ploys in computations relating to the moon j perhaps because, 
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to do Otherwise, would have rendered another epicycle neces- 
sary, ii 4 the lunar system. The correction for this inequality is 
that which is now denominated the moon's annual equation, and 
its maximum value is 11' 9 ", but it is proved by Delambre that it 
w'as estimated at 4' 30 ' by the ^anish astronomer. The latter 
represented the variations in the place of the moon's nodes, and 
in the inclination of her orbit, by a conical revolution of the axis 
of tlic orbit about the line of its mean position. 

The sun’s orbit is a simple eccentric circle whose radius he 
made equal to 1142 semi-diameters of the earth ; but the hypo- 
theses proposed to explain the movements of the planets are 
nearly the same as those of Copernicus. The system of Tycho 
Brahe possesses, tlierefore, no advantage in respect of simplicity 
over any of those which preceded it ; and it appears td have 
wanted even the interest which novelty inspires, since there are 
obscure intimations that a planctaiy system identical with that 
of tlie Danish astronomer had' been, before, proposed by Apollo- 
nius of Perga and, nearer tp his own time, by Martianus CapeUa. 
Wlioever might be the inventor, it can only be considered as a 
combination of trutli and error, forming a link which ingeniously 
connects together the ancient and modem machinery invented 
to exhibit the celestial phenomena ; for a time it enjoyed some 
reputation among the learned of Europe, but it has, long since, 
sunk into merited oblivion. 

The most erroneous ideas still prevailed concerning the mag- 
nitudes and distances of tlie planets and, indeed, it could not be 
otherwise, from the impossibility of detecting the true values of 
the parallaxes with the instnimeuts then in use. Tycho Brahe 
made the proportions between the linear diameters of the sun 
and eartli, and the distances of the sun and moon from the latter, 
nearly the same as tliose given by Ptolemy ; and, like the Ara- 
bian astronomers, he supposed that the sphere of the fixed stars 
was nearly contiguous to the orbit of Saturn. The axis of the 
earth, in the system of Copernicus, remaining parallel to itself, 
while it revolves about the sun, is, necessarily, directed in succes- 
sion to different points in space during that revolution : but the 
polar distance of any fixed star not being perceptibly different 
in winter and summer, when the earth should be at the opposite 
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extremities of its <nrlnt» Tjrcho Bfaiie 4rRWs from Ibis &LCt an 
argoiReiit against the supposed mavement of the earth assert- 
ing that to satisfy the constancy of the polar distances^ on this 
hypothesis, it would be necessary to suppose the fixed stars to 
be so remote that the diam^r of the earth's orbit might be 
invisible if seen from thence : but to this remoteness he objects 
on the ground that the stairs appear, to the eye, of a sensible 
magnitude which, against all probability, woiUd, such being the 
distance, indicate that they were, in reality, so great as to fill a 
space equal to the orbit of the earth : the telescope has, how- 
ever, removed the objection, for it shews the stars only as indi- 
visible points ; it is not necessary, therefore, to suppose them 
superior in magnitude to the sun ; like him they may shine by 
their own light ; and their distance from our system is actually 
such, that a space in their region, equal in extent to the diame-^ 
ter of the earth's orbit subtends from the latter no visible angle, 
consequently the axis of our planet will always appear directed 
to the same point in the heavens. ^ 

In giving a reason why the planets always move in tlie same 
paths he alleges, in the spirit of the ancient philosophy, that 
the circular motion is natural to the celestial bodies; but he 
seems to be the first astronomer who, from the movements of 
the comets, in space, inferred that the planetaiy spheres could 
not have a material existence since, as he observes, the comets 
evidently pervade them iii various diroctions. It had been 
before supposed, by Uiose who ranked the comets among the 
celestial bodies, that the former revolved about the earth in orbits 
situated between those of the planets ; and reasons, founded on 
the imagined qualities of the comets themselves, were offered to 
explain why they should be only occasionally visible : except 
in this respect, it seems to have been supposed that they were 
subject to the laws which governed the other planets. Corne- 
lius Gemma, who thought he perceived that the curves they 
described were of an oval form, imagined this appearance io be 
an effect of perspective arising from the planes of their mbits 
being seen obliquely by a spectator on the earth ; and, in con- 
formity with the ancitmt prejudice, he ccmceived that the orbit 
of a comet consisted of a deferent circle whose plane was coin- 
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cident widi that of the ec%tic and fst whieh the or the 
earth the centre, axxd of an epicycle peipeiifficiid^ to Hie 
plane of the deferent 

Hie system of Tycho Brahe, as well ate Hiat of CJopamicus, 
admitting that the latter astronomer did not insist on the mate* 
riality of the planets* orbits, had the advantage over the more 
ancient systems, of being comdstmit with the hypothesis diat 
the comets revolve about the sun^ and, consequently, allowed 
their disappearance to be accounted for by supposing them, 
when near their aphelia, to be too far distant from the earth 
to be visible from thence. The former astronomer assigns Htis 
reason, and he coincides, in opinion, with those who considered 
their orbits to be circular, but he rejects the epicycle of €lemma 
as unnecessary, and as inconsistent with his observations on the 
comet of 1577 whose movement, when in opposition to the sun, 
appeared to be in direct order, while, in like circumstances, the 
movements of all the superior planets appear to be retrograde ; to 
account for which, the earth being supposed at rest, the epicycle 
was introduced. This difference, however, in the directions of 
the motions of planets and comets afforded the Danish astronomer 
what he conceived to be an argument against the hypothesis of 
his illustrious rival; as if it were indispensable that the apparent 
movements of both should be always in the same ord^ ; but 
these apparent movements are compounded of the proper mo- 
tions of the celestial body and of the earth ; and the superior 
planets move slower than the latter, which causes them, daily, 
when in opposition, to be left behind, or towards the west, on 
comparing their places with those of the fixed stars ; whereas, 
if the true motion of the comet should be direct, and more rajud 
than that of the earth, its apparent motion would, also, with 
respect to the fixed stars, be in that order ; which was the case 
with the above mentioned comet, and, that so simple an explar 
nation should not have occurred to Tycho Brahe, may be oon- 
sideted as an example of the effects of prqudicc in rendering 
the mind insensible to the most obvious reasons when th^ are 
opposed to a favourite notion. The supposition that the comets 
partake of the nature of planets, does not, moreover, seem to 
have been, tlien, generally admitted ; for many scientific men, in, 
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and gubsequently to this age, considered those olgeets icmly as 
meteors existing in the atmosphere of the earth. 

In November 1572 there appeared in the constellation Cas- 
siopeia a remarkably brilliant star, which had not before belbi 
observed, and which continued visible there till March 1574, 
when, after a gradual diminution of lustre, it completely vanish- 
ed; this being the only change which had been known to take 
place in the appearance of the heavens since the revival of 
learning in Europe; though, about 800 years before, a new star 
had in like manner been for a short time seen, naturally ex- 
cited great attention, and conceniing ‘its nature there were 
formed various opinions which, as may be conceived, betray 
some of the erroneous ideas then entertained with regard to the 
constitution of the universe. Tycho Brahe, who probably was 
the discoverer, not being able to ascertain that it had any sensible 
parallax, justly enough concluded that its place was beyond the 
region of the planets ; but he was less fortunate, in supposing 
that it was produced by a condensation of the matter collected 
in the via lactea, in which it was situated. Vallcsius supposed 
that it was a small star previously existing, which had, simply, 
become brilliant on being brought, by a revolution of .the sphere, 
among the denser light in that portion of the heavens. Some 
persons thought it to be a comet without motion, and the ma- 
thematician John Dee proposed the idea that it moved alter- 
nately towards, and from the eartli, in a' right line, and ceased to 
be visible when very remote from thence. 

Tycho Brahe made considerable improvements in tlie prac- 
tice of observing the celestial bodies ; he ascertained, directly, 
the altitudes and azimuths of stars from which, by computation, 
he determined their latitudes and longitudes ; and, as the ad- 
justments of instruments for the horizon and meridian arc sus- 
ceptible of greater accuracy than those for the plane of the 
ecliptic, it is evident tliat this method possesses an important 
advantage over that which was formerly used : like Walter of 
Nuremberg he, also, determined the relative longitudes of stars 
by observing tlie distances of each from two others whose places 
were known, with a large sextant which was capable of being 
adjusted to a plane passing through one of the known stars 
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Iind ihat whose positim was reqwed ; axidiliaYhig %o4 fto 
places of a few principal stars witi respect ^o tte eqaiHoetial 
. p<^. theix^ distance, in longitude. Stem ike SHUty which he 
asejertained by means of the planet VmanB, the dUfemices of 
. , longitude, deserved as above said, gave the absolute Itnigitiides 
; of the others. To determine the time of an observatioii^ he 
^ took the distance of the sun, or of a star, from the meiidian 
with an equatorial instrument ; and thus obtained, at once, th^ 

' horary angle of .the' celestial body. The Dani^ astronomer 
has the honour of being the first who applied to the observed 
altitudes of the sun, moon, and stars, ^the correction for the 
retraction of light : he ascribed this effect to the dense vapours 
of the atmosphere, merely ; and, eironeouBly supposing that it 
was affected by the distance of the celestial body, iSe maede the 
refiraction of the light from a star less than that of the light 
from the sun or moon. He determined its an^unt, when the 
body is in the horizon, to" be 34 minutes, which is nearly 
correct, but he thought it insensible at elevations greater than 
forty-five degrees. 

To conclude our account of the labours pf this celebrated 
astronomer, we may state that he determined the precession of 
the equinoxes both by the difference in the lengths of the sidereal 
and tropical year, and by the longitudes of certain fixed stars 
which he had observed and compared with the longitudes 
found by Copernicus, Albategnius, and Ptolemy ; and he fixed 
its annual value at 51 seconds. He did not admit that ine- 
quality of the precession which Copernicus bad adc^ted firom 
the ancients, justly considering that it was due to the errors 
of observation. Finally, he perceived that the latitudes of 
stars, which Ptolemy had thought invariable, bad undergone 
some small changes; and, haring observed that the relative 
places of the stars remained constant, he rightly concluded 
those changes to be caused by a displacement of the plane of 
the ecliptic. 

In the beginning of his career, Tycho Brahe had been iMimu* 
lated in liis favourite pursuit by William, the Landgrave oi 
Hesse, who, in his own country, caused an observatory to be 
constructed and, occasionaBy, as a relaxation firom the^^ jcares of 

4 , 



THE WORKS or 


{cfiir. 

goremnient, superintended the operatioits of the scientifie 
to whom he had given it in charge* Between this enlightened 
prince and the Danish astronomer a correspondence was main* 
tained till the death of the former, which preceded that of his 
friend by about nine years. The latter days of Tycho* Brahe 
were embittered by persecutions, of which the causes are not 
well known ; ho was, however, compelled by the Danish 
jGrovemment to quit his observatory in the island of Huen, at 
the entrance of the Baltic Sea, where, during twenty-one years, 
he had been diligently employed in making those observations 
which were, shortly afterwards, productive of so much benefit to 
astronomy. After his rcliremeiii, the emperor Rodolphus II. 
received him kindly, in Germany, and gave him an observatory 
at Prague where, in 1601, he died. Fifty years after his de- 
parture from the island, tlie village and castle of Uraniberg, 
where he had resided, were completely destroyed and their situ- 
ations entirely forgotten. 

In Kepler we have an unrivalled example of patient industry 
in calculation ; his was the mind particularly required in that 
age, when a large mass of facts had been collected, and it be- 
came necessary to compare them together in order to render 
them available for the improvement of astionomy. This was 
the task of the German mathematician, w hc^ is less distinguished 
by his own observations than by the nnw'earieJ assiduity with 
which he reduced those of his friend Tycho Brahe ; it w^as by 
deductions from them that he arrived at tlic knowledge of tlio 
laws by which the planetary motions are regulated,* and tliat he 
succeeded in overturning, not only the particular systems pro- 
posed by the ancients, but even all those ideas concerning the 
celestial movements which had been, for so many ages, consi- 
dered as frindamental laws of nature, and whose truth it had 
never occurred to any one to call in question. 

It has been supposed that Kepler obtained a hint of the ellip- 
tical nature of the planets’ orbits from the apj>carance of the curve 
described by the apogeiun of the eccentric circle, in Ptolemy’s 
theory of the moon, or by obsening tliat, in his planetary 
theory, the centre of constant distances and that of uniform 
angular motion have some analogy with the foci of an ellipse in 
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whose peripheiy the planet might perfimh its mohttioii ; liom 
which it is thought that it would be easy for a disciple of Co- * 
peniicus to fall in witli the idea that the Sun occupied one of 
those points. Such suppositions^ however^ appear to have no 
foundation except in the imaginations of those who proposed 
them 5 and it may, with more reason, be asserted that to the 
energies of his own mind, chiefly, were due the discoveries which 
have immortalised the name of this illustrious astronomer. 

The diflerences between the observed places of the sun, and 
those found, for the same times, from the tables, shewed, even " 
in the days of Tyclig Brahe, that the hypothesis of an eccentric 
circular orbit was not entirely conformable to natnre. We have 
before shewn, also, that, in the system of Ptolemy, the variations 
of a plaiiet’s movement were considered as twofold ; ttiat th*e first 
was supposed to be caused by the eccentricity of the deferent, 
and the oUier, by the movement of the planet in die circum- 
ference of its ei)icycle. Now Tycho Brahe had found, by a 
comparison of his observ ations with tlic theory, that tliis second 
inequality of motion was subject to several variations, and that, 
to repn^sent them, it would be necessary to suppose the epicycle 
to be not always of the same magnitude ; and it appeared to 
Kepler, to whom the former astronomer had communicated the 
results of his observations, that, as no physical reason could be 
imagined why an epicycle «]iould experience any increase or 
diminution of magnitude ; and as, in the tlieory of the superior 
planets, the epicycle which produced the second inequality was, 
in the system of Copernicus, superseded by the annual move- 
ment of the earUi ; the cause of the variations observed by Tycho 
might lie in tlie figure of die earth’s orbit, whose periphery 
might not, he conceived, be every where at equal distances from 
the centre of uniform motion. Kepler seems to have been con- 
firmed in this opinion by reflecting that, in the oxbits»of all the 
planets, according to die Ptolemean hypothesis, the centres of 
constant distances, and of uii£foTm angular motion, are at a cer- 
tain distance from each other, while, m the sun’s oribit, they are 
coincident ; a difference which appeared to him to be at vari- 
ance with our notions of the harmony reigning in the works of 
nature^ and, therefore, not likely to be founded in fact 

c c 2 



THS WORU OF 


[chap. 

In (mler to ascertain if the earthy’s orbit is a circle and if its 
* centre is coincident with that of the sun, Kepler had recourse to 
the registers of observations made on Mars, and found two times 
when the planet had the same heliocentric longitude, and when 
the angles of commutation, or the differences between the helio- 
centric longitudes of Mars and the earth, were equal but on op- 
posite sides of a line joining the sun and planet; in which 
positions, relatively to each other, the three bodies are situated 
nearly at the end of eveiy six years. These commutations, and 
the earth’s annual parallaxes, or the differences between the helio- 
centric and geocentric places of Mars, for the same times, being 
known from the observations ; and a line joining the sun and 
planet, which is the common base of the two plane triangles 
formed between the sun, earth and Mars, being assumed as 
unity ; the two distances of the earth from the sun were com- 
puted. Now, had the orbit been circular and described about 
the sun as a centre, these two distances and the two parallaxes 
would have been, respectively, equal to each other ; their ine- 
quality was, consequently, a proof that such were not the charac- 
ters of the orbit. Kepler aftciw'ards computed four distances of 
the earth from the sun in like circumstances, and their differ- 
ences afforded an indication that the earth’s orbit was elongated 
in the direction of the apsides and compressed on each side of 
the line joining those points; with these distances and the 
angles included betv/een the lines drawn from the sun to each 
position of the earth, he, "then, calculated the eccentricity, and 
the longitudes of the apsides ; the former, which is the difference 
between the least and greatest distances of the earth from the 
sun, or the distance from the latter to the centre of mean dis- 
tance, he found equal to 0*01539, the mean distance being 
umty ; whereas Tycho Brahe, and the astronomers who lived 
before tim time of Copernicus, made the interval between the 
earth and the centre of equal distances, or the centre of mean 
motions, equal to 0*036, in the solar orbit. 

Kepler, next, proved the deviation of the earth’s orbit from a 
circular form, and the error of the ancient astronmners in their 
estimate of its eccentricity, by computing four several 
of the earth from a point supposed to be the centre of uniform 
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motions ; in tUs research^ fae izoagined four ttnea to bo dtawn 
firom the^assumed centre of mean motimi, maldng angles with 
each otimr equal to the differences between the mean longitudes 
of the earth at times when Mars had the same heliocentrie 
longitude, and to be intersected by other lines, drawn from the 
place of Mars, making angles, with a line joining the planet and 
the centre of mean motions, equal to the annual parallaxes, or 
differences betwemi the heliocentric longitudes of Mars and the 
earth ; the four distances thus determined were found quite in- 
consistent with the supposition of Copernicus, that the earth’s 
orbit was a circle described about the centre of mean motions ; 
and, from the computed distances, the eccentricity, or distance 
between the centres of mean motions and distances, was found 
equal to 0.0153 ; hence it appeared that the whole eccentricity, 
or the interval between the sun and the centre of mean move- 
ments, (which corresponds to the interval between the earth 
and the centre of mean motion in the ancient hypothesis,) was 
bisected hy the centre of mean or constant distances. 

Means similar to those employed in investigating the figure 
of the earth’s orbit were, also, put in practice by Kepler to 
ascertain that of the orbit of Mars ; assuming, at first, tliat it 
was circular and that the sun and the centre of uniform motions 
were on opposite sides of the centre of mean distances*. like 
Ptolemy he uses, in this investigation, the oppositions of the 
planet to the sun, in order to avoid the second inequality of 
motion, which then, as well as at the times of conjimction, 
vanishes, the geocentric and heliocentric places of the planet 
being coincident, or the sun, earth and planet being in one line ; 
but he differs from the Greek astronomer, in considering the 
oppositions to be those of the sun and planet’s true places, 
justly observing that then, only, can the second inequality be 
null. He employs four obsen^ations of Mars, which were made 
between the years 1587 and 1595, when the plSnet was rising 
or setting acronically, consequently when in opposition to the 
sun; and the differences between the observed longitudes 
give him the angles formed at the sun by the four places of 
Mars in the ecliptic. He supposes lines to be drawn firom the 

* De motibus SttlUe Martis, cap. 16. 
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8Tm making angles with each other equal to these (fifferences of 
longitude, and the corresponding places of the planet ajre found 
at the intersections of these lines udth the circumference of a 
circle supposed to be described, with any radius, about an as- 
sumed centre of constant distances. A line drawn through the 
assumed places of the sun and of this centre represents the line 
of the apsides of the planet^s orbit, and Kepler investigates the 
angles- which- the foiur radii vectores must make with the line of 
' the apsides in order that the four places of the planet may be m 
the circumference of a circle; from which he, subsequently, 
finds the eccentricity of the circle in terms of the planet’s mean 
distance : the problem, however, not admitting of a direct solu- 
tion, he uses a tentative process, in which, after seventy succes- 
sive approximations, he arrives at the conclusion that, when the 
mean distance of the planet is equal to unity, the distance from 
the sun to the centre of mean distances is equal to 0,11332, and 
the whole eccentricity, or the distance from the sun to the centre 
of uniform motion, is ocpial to 0.18564, This element coitc- 
sponds to that which, Ptolemy, was made equal to 0.2 ; and 
the Alexandrian astronomer had made the former distance equal 
to half the latter, which is less accurate than the value found by 
Kepler, wdiose results, however, are affected by his erroneous 
estimates of the parallaxes both of the sun and planet. The 
labour of so many upi)raximations must have been immense 
though, as Delanibrc observes, not greater tljan that which, at 
present, is undergone in computing the orbit of a comet ; but it 
was much greater than a like operation woidd now be, on ac- 
count of tlie facility afforded, in trigonometrical computations, 
by the use of logarithms, which, in Kepler’s days, were not 
discovered. 

This astronomer, also, computed the eccentricity of Mars by 
means of its observed geocentric latitudes, when nearly in the 
apsides, the inclination of the orbit to the ecliptic being known ; 
and, from that, he determines the errors in the equation of the 
centre which, on comparing the calculated places of the planet 
with those foimd from the observations of Tycho Brahe, he finds 
to amount to 8 or 0 minutes of a degree : but ho considers it im- 
possible that such. eiTors could have existed in the observations 
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of |M> careful an astronomer; hence, he coneludes that ]the 
potheses on which the computations are founded, which were 
the circular form of the orbit, and the existence of 9 point in the 
line of the apsides where the angular motions are proportional 
to the times, are erroneous ; and remarks that, as we ate in* 
debted to the divine goodness for the gift of so accurate an ob- 
sen'er as Tycho, we ought to be thwkftd for it, and endeavour 
to find out the errors in our suppositions.” 

Kepler, therefore, calculated several distances of Mars from 
tlie sun, and found, by a comparison of those near the apsides, and 
those near tlie points of mean distance, whose anomalies are 90 
degrees and 270 degrees, that the form of the orbit must be tliat 
of an oval, which yet, from errors in some of the distances, he, at 
first,, thought was larger at one end than ^ the other: but not 
being able to obtain, from the supposed figure of the orbit, such 
values of the equation of the centre as would satisfy the obser- 
vations with which he compared the results of his calculations, 
particularly when tlie planet 'was near the points of mean dis- 
tance, he began to despair of succeeding in the attempt to. dis- 
cover the true figure, when he happened to remark tj)at the 
secant of an angle equal to the greatest equation of the centre, 
or lliat which corresponds to an anomaly of 90 degrees, exceed- 
ed the radius by a quantity equal to the error in bis computed 
value of the planet’s distance from the sun when iu this part of 
its orbit; and it immediately occurred to his mind that, to 
obtain the true lengUi of the radius vector, it would be only 
necessary to suppose the orbit of the planet to be the ortho- 
graphical projection of a circle whose plane is inclined to 
tliat of the orbit in an angle equal to tlie greatest equation of 
the centre, and intersects it in the line of the apsides ; for on 
this^ suiqjositioD, the radius vector which is perpendicular to 
Uiat line w^ould be less than the semi-diameier of the circle, in 
the same proportion as the radius is less than the secant of the 
inclination ; but such a projection is a regular ellipse; and, on 
comparison, it was found that the computed distances of the 
planet from the sun agreed, in length, with the corresponding 
radii vcctores in tliis ellipse : subsequent computations shewed 
that a like agreement subsisted between tlie lengths of the radix 
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foilnd frdm observationa^ and theoiy^ in th« orbita of tbe eaiHi 
and other planets ; and, from this time, the hypothesis of 
tical otbitB was unhesitaf^gly admitted. The eentre of the 
planetary system is placed by Kepler^ in the ccmunon inter- 
section of the lines of the apsides of all the planets* orbits, and 
he supposes this intersection to be coincident with the centre of 
the sun. 

With the value he bad found for the eccentricity of the 
earth’s orbit, Kepler calculated the radii vectores for every de- 
gree of her anomaly ; from the values of which, and the daily 
differences of the sun’s longitude or anomaly, he proved that, 
when the earth is in aphelio or perihelio, its velocity is inversely 
proportional to the lengths of the radii ; consequently, that the 
time of describing any small given arc, in the oibit, is propor- 
tional to die length of the radius at that point ; the fact could 
not be ascertained uiih so much certainty for other points in the 
orbit, but Kepler had sufficient reason to believe that it was ge- 
nei-al ^ ; and this fortunate confidence led him to the discovery 
that the elliptical areas comprehended between any two radii 
were proportional to the times of describing the corresponding 
arcs of the orbit : at first, however, he considered that if radii 
were drawn from the sun to every point in the earth’s orbit, the 
sum of all those radii would be, to the time in which the eardi 
described the annual revolution, as any part whatever of that 
sum, is to the corresponding time : but he, afterwards, changed 
the sums of the radii vectores for the areas of the elliptical 
sectors made up of such radii ; and thus arrived at an important 
theorem in physical astronomy. 

On the supposition that the orbit of Mars had been an eccen- 
tric circle, Kepler determined the value of the radius vector in 
the following manner. Let s [Plate V. fig. 2.] be the sun, a the 
centre of the eccentric, a p the line of the apsides and m the 
place of the earth or any planet, in the orbit ; and let fall s t 
perpendicularly on m c produced : then M s is the radius vector ; 
the angle a c M, the eccentric mid mean anomaly, and the angle 
ASM the true anomaly. Now c t is, evidently, equal to c s . 

■ Comment. De Motibus, cap. 22. ^ l)e Motibus SteUae Mart», cap. 60. 
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COS.Z.ACM; therefore mt=;:xc+ce . co8.^A€iiy and 
{X€+€s . cos. Z. ACM} « sec. /.CMS. B&t the foal ^bit being 
impposed an ellipse^ as a Q p formed b j projecting a circle on 

a plana inclined to it in an angle equal to c M' S ; if we draw 
M K perpendicularly to s p, intersecting the peripbeiy of the el- 
lipse in m, the point m may be considm^ed as the true place of 
the planet, and it will be evident that, to obtain the radius 
vector m s, of the ellipse, the former line, M s, must be reduced 
in the proportion of m s to M t ; that is in the proportion of radius 
to the cosine of the inclination ; Kepler, therefore, concluded 
that the general expression for m s is m c + c s . cos. / ac m; 
or, as it is now written, 1 + e cos. u ; m c, which represents the 
semitransrerse axis of the ellipse, or the mean* distance of the 
^planet, being supposed equal to unity ; c s, the eccentricity, be- 
ing expressed by e, and the eccentric anomaly, by u. Now the 
angle a s m is that which is called the true anomaly on the 
ellipse, and the angle a cm"., or its measure am", being sup- 
posed to be described by the planet, with its mean motion, in 
the time that the planet really describes the arc Am, is called 
the mem anomaly : the value of this angle or arc is given, when 
the time elapsed since the planet was in aphelio is known, be- 
ing proportional to that time, and Kepler immediately investi- 
gated expressions shewing the relations between the mean, ec- 
centric and true anomalies. In so doing, he considered that, 
since the sector a m" c is supposed to be described by the uni- 
form motion of the radius c m", tliat sector, as well as the arc 
a m", is proportional to the time ; also the elliptical sector a m s 
is proportional to the time for the reason above given; and 
since, from the nature of the ellipse, the areas of the sectors 
A m s and a m s have to each otlier tlie constant ratio of m n to 
m N, or of Q c to M' c, the latter sector is, therefore, also, propor- 
tional to the time : but the times of describing A m and a m, 
about s, and a m", about c being, by supposition, equal, it fol- 
low's that the areas a m s and a m" c have the same ratio to the 
area of the circle that the area a m s has to that of the ellipse ; 
and, consequently, the first two are equal to one another* Now 

theareaAMSisequalto MC . +cs • --5—; or, as it would bo 
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now expressed, - 


— ; therefore the area a m" c is equal 


to the same quantity ; but it is, also, equal to M c . — ; or 

% 

^ nt, [nt being tahen to represent the mean anomaly, because it 
is proportional to the time, t] therefore we hare n trru+e sin . u. 
Lastly, Kepler obtained the true anomaly [= Z A s m] from the 

C S *4^ C N 

proportion ms : ns : : rad. : cos. Z Asm ^ • or. 

m s ^ ^ 

, ^ CS+CM cos.Za CM T . e + cos. u 

equal to ; J ; that is, cos. v =: — ^ ; 

^ CM + CS cos.ZACM ^ 1 + ecos.u ' 

V being tahen to represent the true anomaly. But these equa- 
tions for nt, and cos. v, being transcendental, Kepler, who en- 
deavoured to obtain the value of u and v, in teims of nt, could 
only do it by very tedious and indirect processes ; mathematicians, 
have however, since, exhibited these values in infinite series 
from which, knowing the mean anomaly, the eccentric and true 
anomalies may be, at once, obtained ; it being understood tliat 
these elements are now supposed to commence at tlie perihelion, 
instead of the aphelion point of a planet's orbit. 

Tlie absolute disbinces of Uie planets were still imperfectly 
known in the time of Kepler. This astronomer divided tlic 
universe into three regions, of which the first was occupied by 
the sun, whose diameter he supposed to be equal to fiflcen di- 
ameters of the earth ; the second, which extended from the sun 
to tlie orbit of Saturn, he made two thousand times as great as 
tlie fomier region j and to the third, which comprehended all the 
space between Saturn and the sphere of the fixed stars, he gave 
an extent in diameter equal to sixty million times the diameter 
of the earth. Ijeaving out this last, as destitute of any founda- 
tion, we may observe that the other distances ai’e little more than 
one seventh of their true values ; yet Uic relative distances of 
the planets were then known ; Copernicus had ascertamed-them 
with considerable precision, and Kepler informs us that he, him- 
self, had recomputed them from the observations of Tycho Brahe. 
He relates, in his Prodrommy Uiat, from his youth, he had been 
accustomed to meditate on the proportions which the distances 

* A'ecunique Celeste, Liv. 11. Art. 22. 
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of the planets from the sun bear to each other ; .and that he was 
led forja. time to imagine, from a contemplation of the astrologi- 
cal aspects, that the distances betwemi the planets were so regu- 
lated that, between the circles representing their orbits, there 
might be inscribed the sides of an equilateral triangle, of a 
square and so on, respectively. It is remarkable enough that 
this fancied law, which was found to be defective when applied 
to tlie orbits of Mars and Jupiter, gave rise, in the mind of 
Kepler, to the idea' that, between those planets, there might be 
situated another, which is in\dsible to us only because it is too 
small to be seen ^vith the naked eye : now, if tlae German astro- 
nomer had lived till the first of the four new planets was disco- 
vered, in that region of the heavens, he would not have failed to 
consider it as a confinnation of his hypothesis ; and, to some 
persons w^ho were living when the discovery was made, the i>as- 
sage in Kepler’s work may have appeared as a prediction ; botli 
oj)inions, however, must have been overturned wdien it was found 
that, in the same region, there were three other planets ; yet, if 
we except the vague notions ascribed to some of the ancients, 
to Kepler is due the honour of giving the first hint tliat there 
may be planets belonging to the solar system besides those with 
which we are already acquainted ; and, as those four would have 
been for ever invisible without the invention of the telescope, we 
may reasonably suppose that others may be brought to our 
knowledge by future improvements in that valuable instrument. 
Conscious of the insufficiency of Uie law above mentioned, Kepler 
almost iminedialcly abandoned it ; but his passion for systema-' 
tising carrie d him on to further researches concerning the prin- 
cij)lc on which was founded the proportional distances of the 
planets, and he next conceived an idea that the magnitudes of 
the spheres supi)0scd to be described on the diameters of the 
orbits w'cre such that, between every two of them, might be con- 
tained one of the five regular bo<lies, the only geometrical solids 
bounded by plane surfaces Avhich are capable of touching a cir- 
cumscribing sphere at all their angular points, or whose planes 
are, all, tangents to the surface of a sphere inscribed within them. 
Thus he imagines that if, about a sphere circumscribing the or- 
bit of Mercury, a regular octaliedron be described, it will be 
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enclosed within the orbit of Venus ; in like manner, an icosahe* 
drxm be described about the ort)it of Venus, it will be contained 

t' 

within the earth’s orbit ; a dodecahedron about the latter will be 
contained within the orbit of Mars ; a tetrahedron about the orbit 
of Mars will be included, in that of Jupiter, and a hexahedron 
about this last, in that of Saturn. 

Ihe reason why the distance between Jupiter and Saturn 
should be determined by the inscription of a cube is supposed 
by Kepler to be, that the cube is the only regular solid which is 
generated by its base ; on which account he considered it the 
most noble of Oie five and, therefore, witli propriety situated be- 
tween the remotest planets because, according to the notions of 
the ancients, the highest or most distant part of the universe is 
the most noble ; he goes on to say that the distance between 
Mars and Jupiter is made to depend on the pyramid, which, in 
dignity, is the next lower solid ; and, therefore, should occupy 
the next inferior place r and in a similar manner he accounted 
for the remaining distances. The law founded on the inscrip- 
tion of the regular bodies adapted itself with tolerable precision 
to the computed magnitudes of the planetaiy orbits, and ren* 
dered uniiecessaiy the supposition that a planet existed between 
Mars and Jupiter ; Kepler was even led, now, to conclude that 
there could be no more than five planets, besides the sun ; sup- 
posing it necessary, in order to preserve the harmony of the 
universe, that the admirable proportions of the celestial orbs, to 
use his own expression, should be represented by those of the 
five regular bodies ; fortunately for the hypothesis, the Georgium 
Sidus and the four asteroids were not, tlien, known to exist, but 
it must be owned that it bears the mark of an ingenious mind ; 
and, while the notions of the Pythagoreans concerning number 
and figure were not wholly abandoned, it must have appeared 
far firom destitute of probability. It was, as M. Bailly remarks, 
the mania of that age to mingle sacred things with those purely 
fanciful ; and from this mania Kqder was not &ee ; in his 
Paralipomena, he conriden three things to be at rest in the 
nniverse ; the inhere of the fixed stars, the sun, and the inter* 
val which separates him firom them ; and these things he com- 
pares with the Trinity ; making the Father, the centre ; the Son, 
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the Buiface ; and the Holy all that is coatamed hetmen 
the ceatfe and the sur&ce ; and these three, he observes, mahe 
one whole, wliicfa is ^braced by the immensity of the Deity. 

But a discovery of real importance rewarded the diligence 
with which this inde&tigable calculator investigated the nome^ 
rical relations between the distances of the planets and the times 
of their revolutions about the sun. In the Harmomces Mundi ^ 
he ^serves that he had previously discovered the movement of 
a planet in its orbit to be variable, and the angles subtended by 
the arcs daily described about the sun to be inversely propor- 
tioned to the distances of the planet from the sun ; also, that 
be had discovered the orbits of the planets to be elliptical, and 
the sun, the source of motion, to be in one of the foci of the 
ellipse. He, moreover, states that, twenty -two years be£ore the 
time at which he was writing, he had discovered, in the five 
regular bodies, the law determining the number and distances of 
the planets ; and that the desire of veriiying this law had in- 
duced him to consecrate a great part of his life to the study of 
astronomy ; adding that, during the above period, he had read 
the Harmonics of Ptolemy ; and it would seem as if, iiom that 
work, he had obtained hints which guided him in the enquiry 
concerning the supposed relations between the celestial move- 
ments and distances, and the intensities of musical sounds ; for 
he relates that he had succeeded beyond his hopes, having found 
that there really existed a harmony among the movements 
of the planets, but not of the kind he had at first imagined. 
He says, it is evident from observation that the velocities of the 
planets, or the periodical times in which their revolutions about 
the sun axe performed, are not in any simple ratio of the mean 
distances from that luminary ; and, therefore, he assumes that 
the former are proportional to some indeterminate power of the 
latter; that is, supposing p and p to be the periodical times of 
the revolutions of any two planets, B and r their mean distmices, 
he writes p : p : : k* ; r* ; and, assuming for ^ different values, 
integral and fractional, he at last found that, when ar was made 
equal to i, the above proportion held good for aU the planets ; 
the values of the periodical times and distances being obtained 

• Lib. V, Cup. s. 
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from the observations of Tycho Brahe ; hence he concludes lliat 
the proportion between the periodical times of the revolijtions of 
any two planets is sesquiplitate of that between the mean dis^ 
tances; or, the squares of the times are proportional to the cubes 
. of the mean distances. Proud of his discovery and, seemin^y, 
conscious of the advantage which his iavourite science would 
one day derive from it, he fixes the times when the tnvestiga- 
tion began and ended ; and the former appears to have 4)een 
coincident nith that at which he found tlie law of tlie distances 
from the inscription of the regular bodies between the orbits : 
he relates that, from errors in his data or calculations, tlie pro- 
portion above exhibited appeared to be erroneous but, subse- 
quently, returning to the enquiry with renovated vigour, the 
darkness was dispelled from his mind on the fifteenth day of 
May, in the year 1618, after seventeen years spent in comparing, 
and meditating on the observations of Tycho Brahe. This law 
having been discovered only by ob*servations made on the six^ 
planets then knoAVii, there might have existed some doubt con- 
cerning its universality ; but, soon after the death of Kepler, it 
received a confirmation li’om Veudeliiins, who foinul it to hold 
good, also, between the distances and periodical times of the sa- 
tellites of Jupiter ; it is needless to add that it is found to exist 
in all the planets and satellites which the telescope has, since, 
shewn to belong to our system. 

It is to be regretted that Kepler did nol content himself with 
tliis truly great discovery ; but he seems to have persisted iii the 
search after relations betw cen the celestial movements and the 
tones of sound. To us, who know so much more than Kepler could 
know of the physical laws of motion, the enquiry may seem 
puerile ; and it may excite suiq^rise that the human intellect 
should, almost at the same time, ascend so high and fall so low : 
but, perhaps, it was impossible that so zealous an enquirer into 
Nature should omit to prosecute his researches in every direction 
as far as his time or means permitted ; in this instance, indeed, 
he was unsuccessful, because he sought for truth where it was 
not to be found ; but we may observe that, without the perseve- 
rance w’^hich his taste for analogies inspired, astronomical science 
might have much longer remained destitute of one of its most 
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important principles. The merit of Keplm-’s discoveries does 
not seem, however, to have been fiiUy appreciated till after his 
death ; when the demonstrations of Newton e^blii^ed them as 
iidallible laws of Nature, and procured for them the confidence 
of the learned; who then, were enabled, by them, to anticipate 
the periods of many of the celestial movements which could only 
have becR ascertained, and even with less accuracy, by the slow 
process of hctual observation. 

The proportion which Kepler had discovered between the dis- 
tances of the planets from, and the times of their revolutions 
about tlie sun shewed, sufficiently, that the velocities of those 
bodies, and the situations of their orbits in space were maintained 
by some one general principle ; and we find, in his Astronomia 
Nora, that he considered this principle as an attractivf^ power 
residing in the sun, and exerting an influence upon the planets 
in such a manner that they cannot depart from the centre of its 
action ; he seems also to have understood that a like power, or 
viilue, as he calls it, exists in the earth, from whence its influ- 
ence extends to the moon. He observes that every corj^oreal 
substance would remain at rest wherever situated, if beyond the 
influence of a similar body ; he describes gravity as an aflection 
with which material bodies are endowed, and by which they 
tend to unite themselves together ; he compares it to the mag- 
netic virtue, and he appears to consider that, in different bodies 
it is proportional to their mass, for he observes that the earth 
attracts a stone more than the latter attracts the earth : he adds, 
heavy bodies do not tend to the centre of the earth as that of the 
universe, but merely as that of a body like themselves ; and he, 
from thence infers, first, Uiat wherever the earth be placed, 
heavy bodies will always descend to it ; and next, that if the 
earth be not globular, such bodies will not tend to its middle 
point, but to diflerent points on different sides ; from which it is 
evident that he must have considered the attraction to exist in 
every particle of teiTestrial matter, and the line of direction, to 
coincide with that about which the lateral attractions are, in 
equilibrio. He shews that the attractive power becomes less in 
proportion as its distance from the centre of action increases ; 
and he compares the movements produced by it, in different 
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planets, with those of bodies situated on thjp arm of a steel ^aliid^’ v 
at different distances from the fulcrum*; but it is doa3Ei!|^. 
whether or not he was aware of the true law acemrding to 
the intensity of the force diminishes. , 

As any power or virtue supposed to act in right lines t^di^ j 
to or from the sun could not, alone, cause the planets to revph^} 
about that luminary ; and the observations of Tjrcho ISrahe oia ^ 
the trajectories of comets lia\dng, as Kepler rema^, proved 
that the solid planetary spheres of the ancients do not exist, it 
was necessoiy to introduce an additional circumstance, in order 
to give a reason for those revolutions. This was imagined by 
Kepler to consist in a rotation of the sun on its axis, and a con- 
tinual emission from it, of what he calls an immaterial species, * 
which, he says, is analogous to that of light, and penetrates to the 
utmost limits of the universe; for the species itself revolving 
with the sun like a rapid vortex, was supposed to carry with it, 
in gyration, the masses of the planets, and thus, the latter were 
made to revolve about the sun with greater or less velocity 
according to the density of the effluent species in the regions of 
the several planets, or according to'tlie various degrees of resist- 
ance which it opposed to their masses. Kepler from hence 
concludes^ that the orbit of each planet must constantly lie in 
one and the same plane; and that this is coincident with the di- 
rection in which the planet itself is impelled by the movement of 
the species emanating from the sun; and he shews the fallacy of 
the opinion of Fra Castorius and others, who, it seems, had 
adopted a notion of the ancient Egyptians, that the orbits of the 
planets had, in the course of time, suffered such displacements 
that the movements were become directly contrary to those 
which they originally had. Kepler himself does not seem to be 
aware that, since the virtue emanating from the sun can only 
revolre on one axis; the oibits of all the planets ought, accord- 
ing to his own hypothesis, to lie in one plane, which he must 
have known to be not the case. The opinion of Kepler, that 
the sun performed a revolution on his axis, preceded the 
knowledge of the fimt, which was, however, soon afterwards 


* Girnimmit. de Motibiii, 33. 


^ Ibid, cap* 34. 



TYCHO SfiAHE AND 491 

. * 
the discoveiy of the spots on his sai*&ee; but.he 

jsderos to have erred in his estimate of tine time in which the 
f4reYQit^on should be performed. 

emanating virtue being thus supposed to proceed in right 
hnes ftl the direction of the radii of a spherical sur&ce, ,an 
.opinion naturally arose that its iutensityi and consequently its 
^^jBTect upon a given surface, was inversely {proportional to the 
square of ^ distance of that surface from the centre of jadia- 
lion : but it is evident that Kepler could have no other knowledge 
of llie effects of the solar action tlian that which is exhibited in 
the variations of the planets* movements, and of these he 
seems to have found it impossible to give a satisfactoiy expla* 
itiaiion; he shews that the aphelion and perhelion velocities of a 
planet are, nearly, inversely proportional to the distances; and 
he observes that these effects cannot entirely depend upon the 
sun, because a virtue emanating from thence should follow the 
inverse duplicate, or triplicate, instead of the simple ratio of the 
distances": again, in an attempt to explain the movements of 
the aphelia and nodes of an orbit, he offers a conjecture that 
some object may interpose between tlie sun and planet and be 
tlie proximate cause of those motions, but be, immediately 
afterward, allows this to be impossible, because one and the 
same power could not make the aphelia move in direct, and the 
nodes, in retrograde order. To account for the variations of a 
plunct*s movement, in its passage from the aphelion to the 
perhelion point, and tlie contraiy, he supposes the sun, like the 
magnet, to liave opposite, or as he calls them, friendly and 
unfriendly, poles because they seem to be endowed with 
contrary properties, the unlike poles attracting, and tlie like 
poles repelling each other; thus he conceives the sun to attract 
the planets during one half of their revolution and repel them 
during the other half; and he considers the same contrariety of 
influence to be the cause that the axis of the earth always 
retains its parallelism, by which each pole of the earth is, alter- 
nately, turned towards, and from the sun, during half its 
annual revolution; and thus the phenomena of summer and 

* Commeut* de Motibus, cap. 36* 
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winter to beproduced : an additionalpoweryhowever^ was supposed 
to act upon the poles of the earth which, causing the 
continually to deviate from exact parallelism^ produced fhe ciow. 
retrogradation of the equinoctial points. t . 

But the idea that the planets were carried about the sibt4n an 
immaterial vortex, did not prevent Kepler from feeling the 
necessity of giving to each planet a particular motive iforce. 
which, being combined with the force of attraction, •jvould pro- 
duce a movement in a curvilinear direction; just as, and tlie 
idea was about the same time proposed by Tartalea, the expan- 
sive force of gunpowder compounded with the action of terrestrial 
gravity, botli of which forces act in rectilinear directions, causes a 
cannon ball to describe a curve through the air. And tho» 
manner in which Kepler supposed tlie forces to act is sufficiently 
manifest, from his comparison of the movements of tlie planets 
to that of a boat when forced across a river by oars, or drawn 
across by means of a rope made fast to the opposite shore, while 
it is urged in a different direction by the force of the current**. 
Simple motion, he obseiv^es, is essentially rectilineal, and is the 
result of an impulse which may be either extenial or internal 
with respect to the moving body : when, therefore, he adds, wc 
see a body moving in a circle, we may conclude that, besides 
the attractive power, some other cause must be in operation, to 
turn the body from its rectilineal path; and, as this argument is 
applied to the celestial movements, it is evident that a great step 
to the knowledge of the physical laws of nature had been gained 
since the time when a circular motidn was thought essential to 
the heavenly bodies. Kepler, as we have sajd, appears to con- 
sider the attractive principle as immaterial^ and, agreeably to 
the doctrine, or at least, to the language of Plato, he designates 
it a soul or an animal faculty; in those days, however, both 
light and magnetism were thought to be immaterial, yet the 
laws of their action were supposed to be tlie same as those of 
the action of material bodies on each other. 

The justness of Kepler's ideas concerning the action of the 
attractive force is evident from his remark ® that this force alone 

* Cammeiit. de Matibus, cap. ^ De motibus SteU» Martin. 
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would cs^use the planets to fall towards tlie sun, and the moon 
tOVF^s jtbe e^rth ; and that, by their mutual attractions, the last 
two would approach each other and meet in a point as &r from the 
latter as ^ of their actual distance, supposing both bodies to be 
of the same density ; that is, he supposed the distance of their 
common centre of gravity, from each, to be inversely propor- 
tional to its mass. It was a necessary consequence of the 
actions exerted by the bodies of tlie solar system on each othex-, 
that tlie attractive inf uence of tlie moon should be the means of 
raising tides in the ocean ; and the fact is distincUy asserted by 
Kepler, who states, in the same work, that the influence of the 
moon extends to the earth and, by giving the waters a tendency 
to rise at the point which has the moon in its zenith, caiises 
them to flow towards the torrid zone ; he observes, also,ihat as 
the virtue of the moon extends to the earth, that of the earth, 
from the greater magnitude of this planet, must extend beyond 
the moon. 

The sentiments of Kepler concerning the mode in which the 
principle of gravitation acts, approach so nearly to those deliver- 
ed, subsequently, by Newton, as to leave no doubt, even if i^c 
had not the express acknowledgement of the lalU?r, in his letter 
to Dr. Halley, that he was guided by them to his own splendid 
discoveries ; and this may be asserted without disparagement to 
the merit of the English philosopher, who, having demonstrated 
the truth of those physical law^s which the German astronomer 
can only be said to have enunciated, may be justly considered 
as the conqueror of a territory to which his predecessor had 
merely shewn the way. 

The phenomena of the direct and retrograde movements of 
the planets were explained by Kepler in the same manner as by 
Cot>emicus; .but the discovery of the elliptical orbits rendered 
uimecessaiy the hypothesis of a particular centre of mean mo- 
tions, and entirely superseded tlie theoiy of epicycles ; the prin- 
cipal inequalities in the motions of the sun, moon, and planets 
were corrected by the equations of the centre ; and the others, 
as far as they were known, by empirical equations founded on 
data obtained from observations. Rothman had already made 
an improvement in that part of the system of Copernicus which 
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relates to the cause of the pfaenometia of the seasons, by rcgect^ 
ing the conical movement of the earth’s axis ; he shewed ,tbat 
this was unnecessary, and that the same effects would take place 
if the axis were supposed to move parallel to itself during the 
annual revolution about tlie sun ; the improvement was adopted 
by Kepler, and the lattm* has, also, the merit of being the first 
who pointed out, what is indeed a necessary consequence of his 
theoiy of attraction, that the variations of the moon’s move- 
ments were caused by the action of the sun upon her ; but we 
must look to Newton for {he development of the effects result- 
ing from the mutual perturbations exercised on each other by 
the different bodies composing the solar system. 

Considerable inaccuracies, as might be expected, occur in the 
details of Kepler’s theoiy of the imiverse, and many unfounded 
fancies disfigure its general beauty ; he considers the axis of liie 
sun’s rotation to be perpendicular to the plane of a fixed, or 
mean, ecliptic ; and he gives the name of via regia^ or the royal 
road, to a great circle in the heavens which lies in this place. 
He supposed the piano of this circle to make a variable angle 
with the earth’s equator, the least obliquity being 22® 30', and 
the greatest, 26® 5 ' 60 '; and the interval between the periods at 
which either of these obliquities recurred was supposed to be 
36,000 years ; the movement of the equinoctial points, consti- 
tuting the precession, he supposed to take place along the cir- 
cumference of this via regia ; and he thought that the true 
ecliptic had a libratoiy movemenL as if each of its poles revolved 
in a small circle about the pole of the mean ecliptic ; lliat is, 
about the axis of the sun’s rotation. He makes the equator of 
the sun coincide w*ith the plane of the earth’s orbit, but no 
reason is given why it should have this position ratlier Umn 
any other ; and all these suppositions appear to be, as Delam- 
bre observes, so many remains of ancient prejudices which even 
the mind of Kepler could not overcome. Three Comets, which 
appeared in 1618, engaged the attention of all the astronomers 
in Europe, whose ingenuity was again severely taxed to form 
hypotheses concerning the nature of this class of celestial 
bodies : Irom the manner in which Kepler expresses himself it 
would appear that he supposed them to be generated in the 
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atmosphere ^ as fishes ore in thje sea;” in ano&or place, 
be evid^tly considers them as partahing of the nature of pla^ 
nets, for he attempts, though, as may be easily conoeired, with* 
out success, to determine the path of one, on the suppodtioh 
that its motion was rectilinear. In the conclusion of his AHro* 
mmia Nom he acknowledges the possibility that, in the con* 
stitution of the universe, the state of things may be Tory dif- 
ferent firom that which he has supposed; and, With a modesty 
worthy of a true philosopher, he desires that his explanattons 
may be admitted only till some more sublime and more fortu% 
nate genius may unveil tile truth, and confirm or confute his 
opinions. 

The phenomenon known by the name of the zodaical light, 
appears to have been first observed by Kepler; who, also, shewed 
that astronomical refraction is an effect depending wholly on 
the medium through which the rays of light pass before they 
enter the eye of the spectator ; and as this medium is only the 
atmosphere of the earth, he considers, in opposition to the 
opinion maintained by Tycho Brahe, that the distance of the 
celestial body does not affect the value of refraction at any 
given altitude. It follows that this value, which he proves to be 
proportional to the tangent of the body’s zenith distance, will 
be the same both for the planets and fixed stars. 

This illustrious astronomer, whose labours have so much 
benefited the science, died in 1630 ; and in an age when impos- 
tors professing astrology, and flattering the vanity of the great, 
were honoured and enriched, he lived in poverty upon a 
small and ill paid pension which had been assigned to him by 
the Emperor of Germany. 

The mathematicians of Europe had, before the end of the 
fifteenth century, pointed out the errors of the existing calendar; 
they shewed that since the days of Julius Caesar, by whose care 
it had been formed, or rather, since the Council of Nice, in the 
year 325, had made the twenty-first day of March coincide with 
the arrival of the sun at the vernal equinox, the times of the 
equinoxes and solstices had been gradually anticipating the 
days of the months at which lliey then occurred ; they shewed, 
also, that, since the decree for regulating the celebration of 
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Easter bad been promulgated, by the same Council, the lunar 
cycle employed in compudng the day of the festiiral^ from the 
erroneous value assigned to it, had ceased to determine the 
precise day appointed in the decree; which was the Sunday 
after the full moon coinciding with, or next following, the day 
of the vernal equinox. Ihese representations, probably 
made from religions motives, and, rather with a view to the 
correct determination of the greatest festival in the Christian 
church than to any advantage which astronomy was to derive 
from the correction, at Imigth, in the last quarter of the sixteenth 
century, occupied the attention of the Roman Pontiff, Gregory 
XIII., who engaged the learned men of his time to find out a 
mode of intercalation which should prevent the occurrcnci^ of 
die like inconveniences in ftiture: from their labours resulted 
that reformation of the calendar which is now adopted in all 
Christian states. 

We have shewn that the length of the year was, by Julius 
Caesar, assumed to be equal to 365.25 days; while, in reality it 
is only 365.242264 days; the difference, which is equal to 
0.007736 days, bad, sipce the year 325, caused an error in the 
civil reckoning, amounting to above 10 days, so that the day of 
the equinox, wliich should have coincided with March 21, fell 
on the eleventli day of that month. The correction was easily 
made, and it is w'cll known that ten dajs were suppressed by 
a brief issued at Rome in the year 1582; so that the day, before 
considered as the fourth of October, was called tlie fifteenth; 
then, in order to keep the vernal equinox, in future, to the 21st 
of March, it was regulated that the intercalated day which, 
according to the Julian calendar, enters in every fourth year, 
should be omitted in every year forming a complete hundred, 
except in those years which constitute complete thousands, 
when it was to be retained. The length of the tropical year, 
according to the value implied in the Gregorian calendar, as it 
is called, is equal to 365.2425 days; which is less than its true 
value, as above stated, by 0.000236 day ; and this in 4240 years 
will produce an eiror of one day; but, as La Place observes if 

‘ ISJcposition du Systome du Moude. 
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a bi6se:«lile were euppreseed every 40(W the difference 

wonid be only 0.000014 day, and ihi« would fall within the 
liuiits of the errors which may exist in the determixiatioii of the 
length of the year. 

The Council of Nice, by supposing the exactness of the 
Metonic cycle, in which 19 solar tropical years were considered 
equal to 235 lunations, or synodical revolutions of the moon, 
must, consequently, have supposed one lunation to be equal 
to ^ of a solar year;" and the lunar year, or twelve such luna- 
tions, to be equal to ~ of the former year; tlie difierence 
between the two is ^ of the solar year, which, as they consi- 
dered the latter to contain 365J days exactly, would be equal 
to 10.8798 days, or nearly 11 days: hence, the epact, as it was 
called, oT&e moon^s age at the end of any ^ven year being known, 
it would be easy to ascertain that of any subsequent year, by 
the continual addition of 11 days to the original epact: thus, if 
a full moon should lake place on the last day of any year, the 
epact for the next year would be 0; of the second following 
year, 11; of the third, 22; and of the fourth 3, tliirty days 
being rejected: the epact for the succeeding years Mould be, 
respectively, 14, 26, 7; rejecting twenty -nine days from the last; 
and so on, rejecting alternately, 30 days and 29 days, because 
the lunation was sui)posed to be equal to 29j days, and taking 
care to increase the epact by unity in each bissextile year. The 
error arising from the excess of the solar, above the lunar year 
not being exactly 11 days, was corrected, at the end of every 
lunar cycle, on the supposition that tlie cycle M^as correct, by 
making the epact the same as that of the nineteenth precedent 
year. But nineteen solar yeai’s are equal to 6939.603016 days, 
and 235 lunations are equal to 6939.6881565 days: the differ- 
ence bctM^een these periods is 0.08514 day, which renders the 
Metonic cycle erroneous to the amount of one day in about 222 
years; consequently, to the amount of above 6 days in the time 
elapsed since the regulation was established; and the computed 
day of the Paschall full moon, in the sixteenth century, neces- 
sarily differed just as much from the true day. In order, there- 
fore, to keep this full moon to its place in the calendar it was 
necessaiy to allow the above rule for the epacts, M'hich was. 
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bdxite pcrpetudl, to hold good only for one hundred years; 
then, on account of the omission of the bissextile in every 
hundredth year except that which is a complete thousand, the 
epaet at the end of every .century except the tenth, was to be 
diminished by one day; and, again, on account of the anticipa- 
tion above mentioned, the epact was to be increased, at the end 
of every tw6 hundred years, by the same quantity, li'ables 
were computed on this system by Luilius of Verona, and were 
employed for the purpose of determining flie time of Easter, till 
they were superseded by the ephomerides ; in these, the times 
at which the phases of the moon, as well as the other pheno- 
mena of the heavens, will occur, are given with superior accuracy 
by means of computations from the general tables of the cedestial 
movements, which have, since those days, been brought to vast 
perfection. 



THE FIRST TELESOOnC l>jU»00#^BlES^ ETC. 469 


xrx.] 


CHAPTER XIX. 

THE FIRST TELESCOPIC DISCOVERIES IN THE HEAVENS. 

The Composition of forces investigated by Galileo. — Telesoq>ic discoveries 
of that philosopher. — The practice of notifpng discoveries in anagrams.— 
Persecution of Galileo by the Italian clergy. — The system of Tycho Bralie 
still 8upi>orted by some astronomers. — Method of determining the dist^ces 
and magnitudes of the planets. — Sysiem of Bullialdus. — Its improvement 
by M^’ard.-'Tninsit of Venus observed by H(irro!K.<-*Soeptici8m of Descartes 
in philosophy.— His hypothesis that the planets revolve in vortices*— Weak- 
ness of tlic theory. — Forms of orbits proposed by Cassini and La Hire. — 
Discoveries of Huygens and Maraldi on Satum*8 ring. — Discoveries of Cas- 
sini on the rotations of the planets. — Changes in the positions of the aphelia 
and nodes of planets.— Variations in the mean motions of Jupiter and 
Satuni. • 

An important change was now to take place in the philosophy 
of nature in consequence of the discovery, made by Galileo, of 
the laws by which material bodies act mechanically on each 
other. To this great mathematician we are indebted for the 
theory of tlic composition of forces, by which is determined 
the resultant, or equiviUcnl, of forces acting upon bodies in the 
same or different directions ; to him, also, we owe the investi- 
gation of the spaces described, the times of description, and the 
acquire4 velocities of bodies moving by instantaneous impulses 
or by the continued action of impelling forces ; and the apjDlica- 
tion of the theory, to bodies falling towards the earth by that at- 
tractive power with which our planet was known to be endowed. 
By him, also, was discovered the isochronous motion of pen- 
dulums, which has since been of so much imi)ortance in fbe 
construction of machines for measuring time. 

The knowledge man had acquired of the visible heavens, also 
received many important accessions from the discoveries which 
Galileo was enabled to make by means of the telescope, then 
recently invented. Except the sun and moon, not one of the 
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celestial bodies had hitherto been obsetped to have any visible 
form or ma^itade ; and it was to the eye of reason alone that 
those appeared to be any thing but plane surfaces : itie fised 
stars and planets were, alike, known only as luminous and un- 
defined points : but, now, the view of the heavmis began to ex- 
cite a new interest ; by the telescope the planets were found to 
have ceitain magnitudes, and some of them, to undergo varia- 
tions of form, while the fixed stars appeared unchanged, or only 
shorn of the radiance with which they seem to be surrounded' 
when seen b}*^ the naked eye : and hence it became obvious tliat 
the former must constitute a distinct groupe of bodies infinitely 
nearer the earth than the others. The sun, from the spots ob- 
served on his surface, was found to revolve on its axis and, con- 
sequently, was ascertained to be globular ; and the light and 
dark spaces on the moon were distinctly perceived to be moun- 
tains and valleys nearly resembling those features on the surface 
of the earth. 

That an instrument should have been invented by which ob- 
jects, even in tlie remotest depths of space, are rendered accessible 
to human vision ; and by which terrestrial objects, faintly vi- 
sible in the distance, are brought, as it were, close to the eye, 
must have at one time appeared miraculous ; but such wore the 
effects produced by the telescope ; a tube containing a system of 
glass lenses, in passing through which, the rays of light coming 
from an object are turned from their previous directions and made 
to converge towards the axis, so that the rays proceeding from 
ojjpositc sides of the object, and entering ihe eye, form tliere an 
angle many times greater than that caused merely by the refrac- 
tive powers of the eye itself, while the interference of rays 
coming from surrounding objects is almost wholly prevented ; 
thus is produced an augmentation of the visible magnitude of 
an object with as small a diminution as possible of its brilliancy, 
and thereby may be obtained a view of the parts of its sur&cc 
which would be insensible to the unassisted sight ; the object 
being seen in the telescope just as it would appear to a spec- 
tator without one, if situated as much nearer, as the power of 
the telescope exceeds that of the natural eye. Hiis instrument, 
in tlio hands of Galileo, was the means of makings more disco- 
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veries in the heavens than had been nsade dmin^ thi^ Hion- 
sand years Jyreviously ; and it may be added, if we consider their 
importance, more than have been made dnce the days of that 
philosopher. He relates, in the Siderem that, in the 

year 1610, he discovered the fonr moons or satellites of Jupiter, 
and observed, also, that these revolve about that planet as our 
moon revolves about the earth : a circumstance which afforded, 
by analogy, an argum^t in favour of the earth^s motion about 
the sun; since Jupiter, a planet known to have a similar mo- 
tion, was found to be attended by secondary planets Which, it 
was easily perceived, would reflect the jsun’s light on the pri- 
mary planet as the moon reflects it on the earth. About the 
same time, as we learn from his letters at the end of the work 
above mentioned, Galileo observed that Saturn presented a 
remarkable appearance ; at first it was thought to^ be accom- 
panied by two smaller planets, one on each side, and tlie dis- 
Cfjvery was so announced.; but, when telescopes were constructed 
with superior magnifying powers, what appeared to be secondary 
planets w'erc found to be portions of a vast annulus which sur- 
rounds* Saturn without any where toudiing his surface ; and 
this circumstance, also, contributed, though indirectly, to dimi- 
nish the confidence hitherto placed in the anHent systems of 
astronomy, by shewing tliat there was yet much to learn con- 
cerning the planets, and that, to obtain a correct knowledge of 
the universe, there w’ould be required a more attentive study of 
their visible phenomena. Soon afterw'ards, the telescope re- 
vealed to the assiduous Florentine that Venus had phases simi- 
lar to tliosc of the moon ; that, when near the sun, she w^as 
seen either in the crescent form or with a round orb, and w^heii 
at her greatest elongations, her disc appeared to be semicircu- 
lar ; and it was observed tliat her change of form took place 
exactly in that insensible manner by which the face of the moon 
increases and diminishes : the agreement of these phenomena 
with those which would be presented by a globular body re- 
volving about, and receiving its light from another body placed 
at the centre of motion, rendered it impossible to doubt that 
Venus revolved, i>eriodically, about the sun, and that she was, 
like Uie moon, an opaque luid globular mass ; it was idso evi- 
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d^&t that her orbit was less in diameter than the distance of the 
earth from the sun. By analogy it was immediately concluded 
that Mfrcury, whose phenomena so neaily resemble tllbse of 
Venus, revolved about the sun in an orbit less extensive than 
that of Venus ; and the opinion was, afterwards, confirmed by 
the discovery of his phases when mstruments of greater power 
were brought into use. 

Thus the telescope came to confirm the hypotheses of Coper- 
nltus and Kepler concerning the dieposittons of tlie bodies com- 
posing the solar system ; but a conviction of the truth of those 
hypotheses was not, at first, universally felt: there were still 
some persons who preferred the darkness of error to the light of 
truth, and who refrtse^l^ look through a telescope lest their re- 
pose shoidd be disturbed by the sight of any phenomena which 
might militate gainst the doctrines they had been accustomed 
to consider as mcontroveriible : subsequently, when it was no 
longer possible to escape the comdetion tliat the system of Aris- 
totle was at variance with tliat of nature, there were pemons 
whose jealousy of the new school of philosophy led tliem to 
charge its disciples wfth having borrowed from the Stagj’Yite the 
principle of the telescope ; though the only circumstance he has 
related, which cbuld be construed into a designation of such an 
instrument, is that the stars might be seen in the day-time by 
looking through a long tube, or by descending into a deep well. 

The Jesuit Scheiner is supposed to have been the first who 
observed with a telescope that the disc of the sun was occasion- 
ally diversified with dark spots, and be appears, with several 
other astronomers his contemporaries, to have entertained the 
very natural opinion that they were planets : Galileo however, 
nearly at the same time, perceiving that they were of irregular 
forms, that the periods of their apparent passages across the sun 
were nearly equal, and that they appeared larger when near the 
centre of his disc than when near either inar^, concluded that 
tliey adhered to the surface of that luminary, and that their 
movements were caused by its revolution about an axis; a cir- 
cumstance which not only proved the globular figure of the sun, 
but afforded a probability, from analogy, of a like movement in 
the earth and tlie other planets ; and when, in 1038, Fontana 
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had observed the spots on Mars^ from jtho movOTionts of n^hieh 
the revolution of that planet on ite axi^ was, discovered, addi- 
tional evid^ce was afforded that ttio motions of the easdi and 
planets were, in every respect, dmtlar* In the last place, besides 
the lolly ridges easting their shadows upon the plains and into 
the deep cavities of the moon, he observed that, about the edge 
between the light and dark hemispheres, were luminous points 
seemingly, at first, detached from her surface, but gradually in- 
creaifing in magnitude till they became connected with it; and 
it was obvious that such appearances could only be accounted 
for by supposing the points to be the summits of mountains 
which received the solar rays before the valleys were enlightened; 
hence it became impossible to doubt that ^ moon was of the same 
nature as the earth. 

It was a custom prevalent in the times of which we are speak- 
ing for a person who had made any discover||in philosophy, 
either to conceal it entirely from the rest of mankind, or to pub- 
lish a notice of it in some anagram which could only be decy- 
])hered by himself or by some one to whom he might communi- 
cate the key : and in this manner Galileo disguised his discovery 
of the phases of Venus and of Saturn’s ring. The affectation of 
concealing the discoveries made in nature and science prevailed 
universally, also, among the ancients. The Egyptian priests, the 
Greek philosophers and the Druids of the North would suffer no 
person to enter their societies except the chosen few who were 
regularly initiated ; to such the doctrines they maintmned were 
divulged, while the instructions given to the bulk of the people 
were obscurely communicated in symbolical language. Their 
pride and vanity were, probably, gratified by the reverence with 
which they were regarded by those who believed they were in 
possession of knowledge beyond the attainment of the rest of 
mankind ; or they might fear that some of their doctrines, if 
openly taught, would shock the prejudices of the people and ex- 
pose them to persecution : but the very mystery they affected 
appears to have occasionally exposed them to suspicion, and 
the obscurity "of the language in which their public commimica- 
tions were made is, no doubt, llie cause that so many absurd 
opinions in philosophy have been attributed to thein« 
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Ttie obscure intimation Contained in the anagram, by which 
knowledge is withheld while it seems to be imparted, yas in- 
tended to secure the means of proving a priority of claim to the 
honour of a discovery, if it should happen that anotlier person, 
subsequently, advanced any pretensions to it. In the present 
age, fortunately, the discoverer of a new fact in science finds 
that he promotes his own reputation most, by immediately mak- 
ing public his successful efforts to improve tlie intellectual con- 
dition of man ; to this we owe, in a great measure, the rapid pro- 
gress of discovery witliin the last century, and the many illustri- 
oA^names which adorn the annals of modem philosophy. It is 
worthy of remark that the selfishness which prompted the learn- 
ed of former times to conceal their acquirements was, often, 
its own punishment ; for two, or more, persons commonly made 
the same discovery nearly at the same time, so that it became 
impossible to decide to which of tliem really belonged the 
honour of being the first in the race ; and it frequently happened, 
that the palm was awarded to one who was, merely, known as 
having been the first who introduced the fact to public notice. 

The pride or indiscretion of Galileo, rather than his adoption 
of the Copemican system, excited the enmity of the ecclesiastics 
of Italy who, twice, availed themselves of his philosophical 
opinions to cite him before the Inquisition. 'Ihc work which 
was the ostensible cause of thi^ persecution was a dialogue be- 
tween a peripatetic and a supporter of the hypothesis of Coper- 
nicus, then considered as a heresy ; in which, as may easily be 
imagined, the advantage was made to rest wuth the latter : and 
at the second investigation, when he was seventy years of age, 
in order to save his life, he was forced to abjure, as contrary to 
the doctrines professed by the church, the dogma of the motion 
of the earth : the recantation, it must bo owned, w^as as little 
honourable to him that made it, as to tlie members of the tri- 
bunal, and to the influential men of the country, who, from 
ignorance or malice, compelled the aged philosopher to lake iliat 
humiliating step. ^ 

Notwithstanding the light thrown on the system of the uni- 
verse by the investigations of Kepler and the obsen^ations of 
Galileo ; and though the hypotheses of Ptolemy wca-e failing by 
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tlio evidences eveiy day rising against th^; m tenaekmsly 
does the mind hold the opinions which antiqnity has con^-^ 
crated ;'*so painful is it to unlearn what it has cost much time 
and labour to acquire, and so mortifying to receive a new truth 
from the hand of a contemporary, that many years elapsed be- 
fore the ancient doctrines concerning the plonetaiy orbits were 
wholly abandoned, and there were still many persons who en- 
deavoured to modify them so as to make them agree with the 
observed phenomena of the heavens. One of these was the 
Danish astronomer Longomontanus, who had been a disciple of 
Tycho Brahe but who lived in the days of Kepler and Gali]i|p; 
and, either from attachment to the sentiments of his master, or 
respect to the letter of tlie Scriptures, he refused to admit the 
animal movement of the earth. Insensible to the §u*gument$ 
drawn from the discoveries which were daily making in the 
heavens, he persisted in supposing the orbits of the planets to be 
circular, and he placed epicycle upon epicycle to accoimt for the 
irregularities of their movements. In his Astrmiomia Danica^ 
he sets out with the old doctrine that circular motions are essen- 
tial to the heavenly bodies, but he admits that the planetary 
orbits are not material ; he appears, besides, to have so far 
caught Uic spirit of his age as to rise superior to the notion 
that tlie celestial sphere turned daily about the earth, and he 
justly ascribes that apparent revolution to a contrary movement 
of the latter, on its axis. 

Yindelinus, in Holland, about the year 1640, maintained that 
tlic moon’s orbit was circular, but he rejected the epicycles ; and, 
in order to account for the variations of her velocity, he had re- 
course to the supposition that she was endowed witli a libratory 
motion, in her orbit, which, combined with the general direct 
movement, produced the acceleration and retardation alternately 
obsen'ed. To these we may add the Jesuit Ricciolus who, in 
his Almagestum Novum^ has given an interesting description of 
the systems of the ancient astronomers and who, to remedy their 
defects, proposes to make Mercuiy, Venus, and Mars revolve 
about die suit ; Jupiter, Saturn, and the sun accompanied by 
the three former planets, revolve about the earth. Jupiter 
and Saturn having satellites, he considers them as primary 
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plaiiets ; and the otlicrs having nonc^ he considers them onljr.as ' 
satellites of the sun. This strange mixture of the systems of 
Copernicus and Tycho Brahe seems to have been contrived^ 
as Delambre observes, in compliance with the prejudices of the 
church, in that age, against the motion of the earth ; for, while 
pretending to shew the falsity of the former, he expresses himself 
warmly in its favour. ^ 

Astronomy owes to the Vindelinus above mentioned a great 
step towards the determination of the extent of the solar system ; 
adopting the method originally proposed by Aristarchus for 
computing the distance of the sun fh)m the earth ; and availing 
himself of the aid of the telescope, and of instruments for taking 
angles, better graduated than formerly, he ascertained with pre- 
cision the spots situated in that diameter of the moon which is 
peri)eudicular to the ecliptic ; and, probably, making choice 
of times, for the observations, when Uie moon is nciu: her 
nodes, and consequently, near Ihe ecliptic, he measured the 
distance between llic centres of Hic sun and moon when the 
latter was dichotomised, which he could ascertain with tolerable 
precision by observing w^hen the line separating the enlightened 
and dark hemispheres passed through tliose spots ; and repeat- 
ing the observations when the moon was on opposite sides of 
the sun, m order to correct the error arising from tlie probable 
refraction of light in the supposed atmosphere of the moon ; he 
found, after all the necessary corrections were made, tliat the 
elongation of the moon from the sun was equal to 80 45', and, 
consequently, that the angle subtended at the sun, by a line 
joining the earth and moon, was 15 minutes; hence it w'as easy 
to determine that the distance of the sun from the earth was 
equal to 13752 semidiameters of the latter ; this is, still, much 
too small a quantity, yet it was an approximation to the truth 
superior to any that had been before made; and, probably, as 
near it as an observation of Uiat hind would permit. About the 
same time Hortensius, another Dutch astronomer, devised an 
ingenious method of measuring the angular diameters of the 
celestial bodies, which deserves to be mentioned H he received, 
successively, the images of the sun, moon, and planets, in a 
dark room, on a screen placed in tlje focus of the telescope ; and 
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hj vompaiison, the diameters of die Sim and moon bein^ other- 
wise known, he deduced the values of die diameters of die 
planets very near tbe trath; and thus the absolute magni- 
tudes of the bodies composing the solar system became nearly 
known. 

*The strongholds of error are not given up till after many 
struggles ; therefore it is not surprising that, among those per- 
sons whom the force of reason liad compelled to abandon the 
falling systems of Ptolemy and Tycho Brahe, there should be 
some who endeavoured to reconcile the elliptical theory of 
Kepler with the old and favourite hypothesis of uniform and 
circular motions. It was no longer possible to doubt tlie exist- 
ence of an attractive principle in the sun and earth ; nor could it 
be denied, from the differences in the mean velocities of the 
different planets, that the force of the attraction was less, in 
those which are more remote from the sun ; and there w'ere even 
some persons who admitted, from a reasonable opinion that it 
was a virtue diffused spherically every where from a centre, that 
its intensity must be inversely proportional to the square of the 
distance of the attracted, from the attracting body: yet the 
variations in the movement of each planet being indicative of 
corresponding variations in tlie attractive force of the sun upon 
the planet ; and this being Uiought inconsistent with the imagined 
simplicity of nature’s operations, it was attempted to shew that 
the variations of motion were due to the position of the orbit, 
and that, for each planet, there existed a plane in which the 
attractive force acted with uniform intensity, and in which, con- 
sequently, the angular velocities were proportional to the times 
of motion. ITiis was exactly the object of a system proposed 
about the middle of the seventeentli century, by Albert Curtius 
in Germany and Bullialdus in France ; the latter astronomer, 
seized, like many other persons of his day, with the mania of 
seeking the causes of planetary motion, instead of applying 
himself to the task of ascertaining those motions by observation, 
supposed that, at the creation of the eartli, the Deity projected it 
from the vertex of an upright cone, and caused it to descend, 
with a spiral movement, down its surface till it arrived at the 
shortest distance from the sun, from whence, being destined to 
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revolve perpetually about tW luminary, it was obliged to re- 
ascend, and thus it describes an elliptical curve : a similar theory 
is proposed for each i)lanet, which is supposed to revolte upon 
the surface of its peculiar cone. 

One of the foci of the ellipse belonging to each planet is sup- 
posed to be in the axis ; and if the orbit be projected ortho- 
graphically on the plane of the base of the cone, the areas 
between tiie radii vectores in the ellipse being proportional to 
the times of describing the included arcs of the peripherj^, the 
areas and, consequently, the angles between the projected radii 
in the circular base, will also be proportional to the times ; hence, 
whatever be tlie movement of the planet in the ellipse, the cor- 
responding angular movements about the centre of the base will 
be uniform. 

Guided by this property of the conic sections, Bullialdus was 
led to imagine that the two foci of the elliptical orbit of each 
planet were, respectively, tlie centres of uniform and of variable 
motions, the lower focus, which is tlie centre of variable motion, 
being occupied by the sun, as in the theoiy of Kepler. A like 
system was supjioscd to serve for the orbits of the earth and of 
all the planets, but, in the lunar orbit, the following modification 
was found necessary. The earth ivas supposed to describe, about 
the lower focus of the moon’s elliptical orbit, the circumference 
of a circle, by which its distance from the upper focus, and from 
the centre of the ellipse, was varialdc ; then, when the earth 
was, by this revolution, brought liuearest to the apogeum of the 
orbit, the variation thereby produced in the angular velocity of 
the moon constituted the first inequality, or that which was 
found by Hipparchus to take place at the times of the syzygies ; 
and when at the opposite extremity of the same diameter of the 
circle, being then at the greatest distance from the apogeum, 
the variation of velocity ivas equal to the sum of tlie first and 
second variations in the theoiy of Ptolemy. This movement of 
the earth was supposed to produce a corresponding movement 
of the whole cone, by w'hich the position of the moon’s orbit in 
space would be changed ; and it was from such displacement of 
the cone and orbit that Bullialdus gave the name of evectiou to 
that variation of the moon’s motion which takes place when the 
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major axis is in quadrature, and whicb^ firom the time of Ptolemj 
who discovered it, had been denominated the second inequality. 
Bullialdus, also, gave to the major axis of the lunar oibit a 
movement parallel to itself, and extending to a small distance 
on each side of the centre of the earth, in order to exhibit the 
cause of the moon’s annual equation ; which, in the theory of 
Tycho Brahe, was explained by a supposed libratoiy motion 
performed by the centre of the moon’s epicycle. 

The two foci of a planet’s orbit may be considered as cor- 
responding with the centres of the earth, and of the planet’s 
uniform angular motion, in the Ptolemean system ; the angles of 
the planet’s mean longitude, in the hypothesis of Bullialdus, 
having the upper focus for their vertex, while those of the true 
longitude are reckoned about the lower focus, or the place of 
the sun : an ingenious disposition which, if it could have been 
made to represent the results of the planet’s observed movements 
in other respects, would have possessed the advantage of per- 
mitting that which is called Kepler’s theorem, and which, in the 
system of that astronomer, is of a transcendental nature, to be 
solved by the elementary geometry. 

The planetary system of Bullialdus, which he has described 
in his Astronomia Philolaica^ was adopted and simplified by his 
contemporary Seth Ward, Savilian professor of astronomy at 
Oxford ; and the wild fancy, that the earth and planets had, 
once, moved spirally down the surface of a cone being abandoned, 
the system which, in its improved state, was distinguished from 
that of Kepler by the denomination of the simple elliptical 
hypoUiesis, enjoyed for some time a certain reputation. 

Among the disciples of Bullialdus may be reckoned Horrox 
of Liverpool, an astronomer of great talent, and whose death, at 
an early age, was regretted by every friend of science ; he pro- 
posed an improvement, on the lunar tlieoiy above mentioned, 
which consisted in making the earth always occupy the lower 
focus of the moon’s orbit, and in giving to the centre of the 
ellipse a movement in the circumference of a small circle de- 
scribed about its mean place, >y which the distance of the earth 
from the apsides of the orbit was made variable, and the corre- 
sponding variations in the lunar mptions were more correctly ex- 
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hibited. The same astronomer, with his friend Crabtree of 
Manchester, had the good fortune to be the first persons who 
obtained a sight of the transit of Venus over the sun^s disc ; this 
happened on the twenty-fourth day of November, 1039; when 
Horrox, having caused the image of the sun to fall on a screen 
in a darkened room, observed the planet just within the disc, 
and in contact with its edge on the interior side. He has given 
an account of the observation in a small work entitled Venus in 
Sole risu ; and, from it, he determined the sun’s parallax to be 
equal to 14 seconds ; a quantity still much too great, but giving 
•die distance of the sun from the earth rather nearer the truth 
than that obtained by Vindelinus. Tlic English astronomer, 
however, fell into an erroneous notion that all the planets are 
seen from the sun under equal angles, which he supposed to be 
28 seconds ; and he, consequently, inferred that the diameters 
of the planets increased in proportion to tlieir distances from 
thence. 

The systems of the universe which we have, hitlierto, had to 
consider seem to have been proposed chiefly to sen e as guides 
in the peiformance of astronomical computations ; w'e have, now, 
to notice one in which an attempt is made to gitc an explana- 
tion, from physical causes, of the existence and disposition 
of the bodies composing the solar system. This was under- 
taken by Descartes, a philosopher who, being misled by his at- 
tachment to the mode of reasoning employed in the sciences 
which are purely mathematical, where, a iew^ axioms being laid 
down, the properties of numbers and figures are demonstrated by 
a chain of argument, every succeeding link of which is connected 
with that which precedes it ; endeavoured to employ the same 
mode in astronomy, on the supposition that there must neces- 
sarily be the like mutual dependence in physical subjects, and 
that, by commencing with a few first principles, he should be able 
to trace the concatenation of causes and effects in nature, and 
arrive at the discovery of the law^s by which she acts in pro- 
ducing the phenomena of the universe. It may be said of this 
philosopher that he commences his researches with supposing 
that there is nothing to find ; for, in his enquiry concerning the 
principles of human knowledge, he alleges that may enter- 
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tain a doubt of the existence of every thing ii} nature^ (from the 
evidence of our senses,) and that we can infer our oR*n existence 
only from a consciousness that, while we doubt, we are exer- 
cising the faculty of thinking. Facile quidem Bupponimm nuU 
lam ease Deuni^ nullum ccelum^ nulla corpora ; non auiem idea 
ftoB qui talia cogitamus nihil esse: repugnai enifn^ ut putemus^ 
id quod cogitate eo ipso tempore quo cogitate non eadstere. Ac 
proinde hcec cognitio^ ego cogito, ergo sum, est (nnnium prima 
et ceriusima^ qu<B cuilibei ai'dine philosopkanti occurrat^. 

Such scepticism was, perhaps, excusable in an age when 
tlie light of reason was beginning to shine upon {he philosophi- 
cal world, which had, for so many centuries, been overshadowed 
by tlie clouds of the Aristotelian doctrines, and when the guides in 
whom, hitherto, implicit confidence had been placed wore found 
to i'ail ; for then, it was natural that men should endeavour to 
j)ui*suc the study of nature iu an entirely new direction, though 
it were necessary to examine and miike good the ground at 
every step. At this time a great change was taking place in the 
human character ; the examples of Bacon, Kepler and Galileo, en- 
couraged men of well regulated minds to bring cvciy hypo- 
thesis to the test of obsen ation and experiment, and indisposed 
them for receiving an opinioix, however plausible, tiU it had boon 
supported by the concurrence of nature herself; and to this 
mode of proceeding in physical enquiries we owe the gi*eat ad- 
vances which have been made in the mixed mathematical 
sciences during tlic two centuries immediately preceding our 
own times. But it was not in every case tliat the labours of 
philosophers were directed to their legitimate end; and the 
fetters of ancient prejudices being removed, it sometimes hap- 
pened, as it had happened before they were imposed, that men 
were tempted to form hypotheses concerning tilings which ought 
to be entirely without the range of their enquiries. 

I’hus Descartes, following the steps of the Epicureans, as- 
sumed that the particles of original matter were endowed with 
motions in every direction and that, by their collision, they ac- 
quired circular movements about an infinite number of centres ; 
thus constituting vortices or whirlpools of matter, in the cen- 
^ PHucipioi'uni Pliilasophiw, Pars 1. sect. 7* 



42^ THE FIRST TELESCOPIC [CHAP. 

tres of which the, sun and stars formed themselves. The sun 
was supposed to be the centre of one vast vortex within yhich 
revolved all the planets with their particular vortices ; and in 
these last, revolved the satellites of the planets : the same circu- 
lar motion which caused the planets to turn about the sun, and 
the satellites about their respective primaries was, also, supposed 
to have given Uie bodies of the solar system their spherical 
forms and to have caused their revolutions upon their axes. 
From the solar system Descartes extended tlie same idea to the 
limits of the universe ; ho supposed that tlie heavens were di- 
vided into three regions ; that the first is the vortex of fluid 
matter of which the sun is the centre and which extends beyond 
tlie orbit of Saturn ; the second is that of the fixed stars^ each 
of which he, also, considered as the centre of a vast vortex like 
that of our planetaiy system ; and the Uiird is, he obser\^es, tliat 
which v^ill be unknown to us in this life 

This system of vortices seems to have been intended to super- 
sede the intelligences, or souls, wliich, by Kepler and others, had 
been introduced as causes of tlie movements of the celestial 
bodies; and Descartes conceives that it will reconcile the 
two contrary opinions concerning the state of the earth with 
respect to rest or motion; both of which oiiinions, he sup- 
poses, may be true at the same time. Since, says he we know 
that the earth is not sup])orted by columns nor suspended by 
cords, but surroiuided by a fluid, wc may suppose it at rest 
though it be carried on the movement of the heavens ; as a 
ship which is neither carried forwards by the w'inds nor retained 
by its anchors I’emains at rest on the ocean, while, at the same 
time, the flux and reflux of the water may, insensibly, displace 
it with resjiect to the same point in space. The explanation 
was evidently proposed to remove the objections which, in those 
days, w^cre urged against Uio motion of tlie eartli, from a secret 
prepossession in favour of the opinions of the ancients ; but the 
time was approaching in which such explanations ceased to be 
necessary, by the abandonment of the prejudices which they 
were intended to conciliate. 

Descartes, in speaking of the circular movement produced in 

» Prin. Phil. Pars III. sect. SO-53. ** Ibid, Pars III. sect. 26. 



XYXO D1SOOVERIK8 IN THfi HEAVENS. 433 

a stone when it is made to revolve in a. sling, expressly states, 
in conformity to the results of daily observation, that it conti- 
nually endeavours to recede from the centre in a right line 
touching the arc it describes ; but this centrifugal force would 
be a necessary consequence of the revolution of the particles of 
matter which constitute the vortices, and it is evident, tiiere- 
fore, that such vortices woxild speedily be annihilated by the 
dispersion of the matter in infinite space ; in reply to an ob- 
jection supposed to be urged against his system, on this account, 
he is reduced to the necessity of asserting tliat the recess of the 
particles from (lie centre of the vortex is prevented by the pres- 
sure of those beyond ; which, however, instead of taking away 
the difficulty, can only be considered as removing it a step fur- 
ther offl Tlie system seems to have been entertained but a 
short time among the learned, and, perhaps, it was never gene- 
rally received : the movements of the planets in orbits oblique 
to each other though in the same vortex, and those of the 
comets in every direction, were convincing proofs of its insuf- 
ficiency ; but it fell entirely when Sir Isaac Newton proved, as 
vdll be hereafter shewn, that it was incompatible with the ob- 
served laws of planetary motion. 

Since the time of Descartes, France has been distinguished 
as the country of many celebrated mathematicians whose 
labours have contributed much to shed a lustre over the 
nation, and bring the sciences to their present highly improved 
state ; among these are consyiicuous the four Cassinis, who, suc- 
cessively, filled the chair of astronomy at Paris from the middle 
of the seventeenth to the beginning of the nineteenth century, 
and had the direction of the royal obsen atory established there 
by Louis XIV. Dominicus Cassini, the first of tliese, was by 
that monarch invited from Italy in 1669 and, during a long life, 
for he died in 1712 at the age of eighty-seven, he was unwearied 
in observing the heavens with instruments which were then be- 
coming far more perfect than they had been before. Previous 
to his departure from, and during a subsequent visit to his 
native country, he re-traced in the church of St Petronius, at 
Bologna, a meridian line which bad been, before, executed by 
Ignatius Dante, and he endeavoured, by means of that line and 
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an apeiiure made in the edifice, at the height of eighty-four 
feet firom the pavement, to ascertain with precision the visible 
diameter of tlie sun, the obliquity of the ecliptic, and other 
elements of the solar orbit. The image of the sun's disc, being 
transmitted through the aperture and received on t£e pavement, 
was daily measured ; and the variations of its magnitude, being 
compared with the daily movement of tliat luminary in longi- 
tude, shewed that the velocities varied in a different proportion 
from the apparent diameters ; Cassini concluded, from thence, 
that the elliptical form of the orbit was not the only cause of Uie 
observed inequalities of the sun’s movement ; and, in ignorance 
of the effects arising from the mutual attractions of the planets, 
he conceived that the sun’s orbit might^be some cur\' c different 
from, but nearly resembling an ellipse ; he proposed, tlicrefore, 
for it, a curve, which he denominated the Cassiiioid, and which, 
he supposed, would cause tlie sun, by moving in it, to undergo 
variations of apparent angular velocity conformable to those 
determined by observation. The process above mentioned may 
be considered as the last eflbrt to employ the gnomon as an in- 
strument of observation ; it was expected Ibat, by using one of 
great magnitude, the results obtained would be far superior in 
accurac}^ to those afforded by the mural quadrants then con- 
structed, but this hope was found to be fallacious from the im- 
possibility of preventing the displacement, in the course of time, 
of tlie materials cini)loyed in the construction ; and Ujc cor- 
rectness with which circular instrumexits have, since that Ume, 
been graduated has rendered the latter fur preferable for all 
the purposes of practical astronomy. It may be worth while 
to observe, here, that Itn Hire, who was a contemporary of 
Cassini, attempted to represent the foniis of the planetary 
orbits by circles of the higher orders, in order to explain tlie 
inequalities of the movements ; he, afterwards, how'cver, aban- 
doned the idea ; and Uiis seems to have been the last propo- 
sition made for changing the elliptical fonn which had been 
invented by Kepler. The ellipse is not, indeed, the true figure 
of a planet’s orbit nor can any geometrical figure represent 
that which, within certain limits, is continually varying, but 
mathematiciaus have found it convenient to use this as a means 
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of making a first approximation to the momontaiy position of 
a planet, in space; and they, afterwards, correct that posi-* 
tion by^ various equations which the discovery of the laws 
of planetary action has enabled them to determine. 

The substitiltion of two or more lenses, of convex forms, for 
the single concave eye glass in the telescopes used by Galileo, 
had greatly improved those instruments by pemutting the mag- 
nifying power to be increased in a more than twofold degree^ 
williout too much diminishing the light and field of view, and 
without causing too great an apparent distortion of the object. 
For this improvement astronomers are chiefly indebted to Huy- 
gens, whose telescopes first shewed the belts, as tliey are called, 
on UiG surface of Jupiter, and that the objects accompanying 
Saturn, wliich were before supposed to be two small stai;s, really 
constituted an annulus surrounding the planet ; for, observing the 
latter during about nine months, he found that those objects gra- 
diuilly diminished in magnitude till, in January 1656, they dis- 
aj^peared, so that ^Saturn llien resembled the rest of the planets 
in form ; but, in the following October, tlie accompaniment re- 
turned and Uie planet appeared as at first : there could, there- 
fore, be no doubt of the nature of the objects, and Huygens 
concluded that the ring was an opaque substance reflecting the 
light of the sun ; he also concluded that its plane was inclined 
to the orbit of Saturn, and he assigned two causes for its disap- 
))oarauee, which are tliat the plane of the ring, regularly chang- 
ing its position, occasionally passes through the earth, and occa- 
sionally, through the sun ; in Uie first case, the edge, only, is 
presented to ns and, in the other, the edge, only, is enlightened 
J)V tlie sun ; consequently, in both cases, as the thickness of the 
nng subtends an angle which is then insensible, tlie ring is 
necessarily invisible to a spectator on the earth. Since that 
time, however, the powerful telescopes of the late Sh WiUiam 
Herschell, have permitted the ring to be seen in all situations. 
Maraldi, a nephew of Dominicus Cassini, also a diligent ob- 
server of the heavens, afterwards remarked that the ring remains 
invisible from the time that the plane of the ring passes through 
the earth, till it passes so far above or below the plane of the 
ijarth’s orbit Uiat the sun’s light upon the former plane becomes 
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great enough to render it visible ; and that it remains invisible 
while the plane of the ring lies between the earth and the sun, 
because, then, the dark side is turned towards us. Vie same 
Cassini discovered that the ring is divided by a dark elliptical 
line into two parts which are concentric with eacli other^ but of 
unequal brilliancy, and he hrst observed the Jines, or belts, which 
arc commonly seen on the surface of the planet. Jaques Cassini, 
his son, remarking that the disappearance and re-appearance of 
the two sides of the ring do not take place, respectively, after 
equal inten-als of time, concluded that the whole surface pf the 
ring is not exactly, in one plane; and M. Messier, in 1773, 
from the inequalities of Uie light as well as from the appearance 
of distinct luminous points when the breadth of tlie ring was 
very much diminished, concluded tlmt the surface is consider- 
ably diversihed with mountains and valleys. The shadow cast 
by the j)lanet itself on the plane of tlie ring had been early ob- 
served ; but Sir William Herschcll was tlie first wlut perceived 
the shadow cast by the ring on Uie body of the planet, at a time 
when the edge of the former, being turned towards the earth, 
was itself, invisible. 

Huygens, was fortunate enough to discover one of the satellites 
of Saturn ; but, misled by the spirit of system, he rashly com- 
mitted himself by asserting that there remained no more satellites 
to discover because their number was, then, exactly equal to the 
number of primary planets. Doroinicus Cassini subsequently 
discovered that Saturn was accompanied by four other satellites ; 
and, among the first discoveries made by Herschcll with the great 
telescope he had constructed, was that of two more, which made 
tlic whole number equal to seven. 

The phenomena of the planets were particularly attended to by 
Dominicus Cassini, and his discoveries contributed materially to 
establish the opinion tliat all the solar system is subject to one 
law of action ; his observations on the spots of Mars and Jupiter 
enabled him to deckle that they adhere to those planets, and, 
appearing larger when near the centre than elsewhere, it was 
evident that they revolve with the planets about the axes of Uie 
latter ; and the times of their appearance and disappearance, and 
the positions of the pailis they describe, shewed the periods in 
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which the revolutions are performed and the inclinations of the 
axes to the planes of the orbits. The same astronomer deter- 
mined, also, the dimensions and positions of the orbits of Jupi- 
ter’s satellites ; and, from his observations of their movements, 
he was enabled to compute the times at which they appear, 
to the inhabitants of the eartli, to become eclipsed by entering 
into the shadow of the planet : he foresaw the importance of 
these phenomena in the solution of the problem for finding the 
longitudes of places on the earth ; but, before they could be ren- 
dered available for this purj>ose, a far more accurate knowledge 
^ of the movements of the satellites was required. In 1677, Cas- 
sini remarked a spot on the body of Jupiter, at a time when the 
fourth satellite was known to be between the earth and planet, 
and he observed tliat the spot quitted the latter at the moment 
the satellite became visible : it was, therefore, evident that this 
was the satellite itself, rendered visible only by the superior bril- 
liancy of the planet. Now Ihis appearance was not found to 
occur every time that tifie satellite was on the planet, but only 
after inten^als of twelve years ; and the inference drawn from 
the circumstance was Uiat the satellites of Jupiter, like ourmoon, 
revolve on their axes in the times of their revolutions about the 
planet ; by which means the same face of the satellite is turned 
towards the eiutli at the end of every revolution of Ju]>iter about 
the sun, and is rendered visible to us from the diminution of its 
brilliancy, caused by die sjiots sup})Oscd to be on its surface. 
The same astronomer, obsen^ing that the fifth satellite of Saturn 
gradually lost and recovered its brilliancy during its movement 
through tlie eastern and western parts of its orbit, respectively, 
inferred that the same law prevailed in tlie rotations of the satel- 
lites of that planet ; an inference which was subseqiienfly con- 
firmed by Hcrschell. By one part of the disc of Venus appear- 
ing less bright than tlie rest, Cassini was enabled to follow that 
planet in its rotation on its axis; and he, from thence, con- 
cluded the time in which the rotation was performed, but with 
some hesitation because, on account of her apparent vicinity to 
the sun, she is not visible during a sufficient length of timev 
M. Schroeter has, however, since, confirmed the opinion of Cas- 
sini from his observations on the returns of like appearances at 



426 


THE FIRST TELESCOPIC 


[chap. 


one of the cusps of that planet. Her movement of rotation was 
found to be directed nearly from north to south, a circumstance 
in which she is distinguished from the other planets, whose ro- 
tations are nearly from west to east, and which indicates a very 
small obliquity of her axis to the plane of her orbit. AnoUier 
phenomenon observed by Dominicus Cassini was, that the disc 
of Jupiter is not circular but elliptical, being in a sensible de- 
gree compressed at the poles ; his instruments were, however, 
not sufficiently good to allow him to ascertain the difference be- 
tween the two diameters, but this w^as afterwards accomplished 
by Pound and Short, in England : a similar compression has ^ 
been, subsequently, obscri^ed in the other planets, and that of 
Saturn is particularly great. 

The libratioiis of the moon had been observed before the time 
of Cassini and that by wdiich we, occasionally, see an additional 
portion of the upper and lower edge of the disc had been rightly, 
ascribed to the position of the spectator, who looks dol^^l upon 
her when she is in the horizon, and under her when she is near 
the meridian ; but the above astronomer appears to have been 
the tirst who ascribed the libratioii in longitude to a difference 
between her velocity in the orbit and that of the rotation on her 
axis. 

Besides numerous observations tending to the discovery of the 
forms of the planets and to a more correct determination of their 
mean movements by a comparison of the ancient with the mo- 
dem places, the enquiries of asti'oiiomcrs were, in tlie same age, 
particularly directed to those circumstances which relate to the 
positions of the planetary orbits themselves ; such as their obli- 
quity to the ecliptic and the motions of their nodes and aphelia, 
which had been, in former times,* vciy incorrectly ascertained. 
Maraldi determined, by means of an observation made in the 
year 300 Before Christ, the position of the ascending node of 
Jupiter’s orbit, and compai-ing it with the position of the same 
node, observed 1934 years subsequently, he found that, in Uic 
interval, it had advanced degrees v^dth respect to Uie equi- 
noctial x>uints ; but these having, in the same time, retrograded 
27 degrees, it was evident that the node must have retrograded, 
with respect to the fixed stars, as much as 14^ degrees. The 
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same astronomory and his relative^ Jacques Cassini, suspected, 
also, tha^ the aphelia of the orbits of Jupiter and Saturn had, 

^ each, a progressive motion in space because, in the course of 
ages, they appeared to have advanced more than the equinoctial 
points had retrograded ; but the want of precision in the obser- 
vations did not allow them to conclude positively that such was 
the fact. The same uncertainty, tlien, prevailed concerning the 
movements of the nodes of Mercuiy and Venus, which La Hire 
and Cassini supposed to be in retrograde order. 

The mean motions of the planets were, in this age, ascertained 
veiy correctly by comparisons of the actual places witli those 
determined from the observations of Tycho Brahe and of the 
ancient astronomers ; but Maraldi and Cassini discovered the 
remarkable fact, that the mean motion of Jupiter wafe, then, 
more rapid, and that of Saturn, less so than they had formerly 
been : tliis circumstance, which is, now, so well known to be 
caused by the mutual perturbations exercised by those planets 
on each other, appeiured at first to be quite inexplicable : the 
latter astronomer, however, proposed an opinion that the effects 
rc>sullod, in some manner, from the changes which take place in 
die positions of the orbits, in consequence of the progression of 
their apsides ; and, w ith singular good fortune, he conjectured 
that tlic time would come when Uiosc effects would be of a con- 
trary nature ; the motion of Saturn becoming more rapid than 
that of Jupiter, and so on, alternately. La Lande, also, in the 
middle of the eighieentli centiuy, ascertained from observ'ation, 
that, during about tliirty-fivc years previously, the mean motion 
of Saturn had experienced an abrupt acceleration ; and the dis- 
cover}^ of the cause of these inequalities of movement was, soon 
afterw^ard, to follow. Several variations were, also, at this time, 
found to take place in the movements of Jupiter’s satellites, in 
the inclinations of their orbits and in the positions of the apsides 
and nodes. The nodes of the fourth satellite w^ere found to move 
in direct, instead of retrograde order ; and those of the second, to 
have a motion which is alternately direct and retrograde. ‘ 
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CHAPTER XX. 

THE THEORY OF GRAVITATION DEVELOPED BY NEWTON. 

Huygens measures the intensity of terrestrial attraction by the vibrations 
of pendulums. — Dr. Hook’s illustration of planetary motion.— *Newton dis- 
covers that terrestrial gravity extends beyond the moon.— .He demonstrates 
the laws of plaiketary motion — Manner in whidi a planet describes an ellip- 
tical orbit. — Universality of the principle of attraction.— The sun and 
planets revolve ahimt the centres of gravity. — The planets disturb each 
other’s motions.— The perturbati(»ns pnKluce movements in the apsides and 
nodes of an orbit.— Manner of decomposing a perturbating force.— Effects 
of perturbation in changiikg the figure of a planet’s orbit. — Application of 
the theory of attraction to the moon.— Causes of the several iricqu.alities in 
the moon’s motions.— Cause of .the retrogradation of the equinoctial |>oints. 
— Physical cause of the tides.— Cause that tike moon always presents the 
same face to the earth. — The comets shewn to l>e subject to the law of gra- 
vitation. — Objections at first urged against Newton’s theory. — Newton’s 
preference of the geometrical mode of Investigating propositions. 


About tlie middle of the seventeenth century Huygens, in Hol- 
land, discovered the laws by which a body descends and ascends 
along the arc of a cycloid, and his attempt to produce a move- 
ment of this nature, in the pendulum dp{)lied to machinery for 
tlie purpose of measuring time, in order to render the vihratiems 
isochronous, is well known ; but, tliough tliis ingenious project 
was not attended witli the success at first anticipated, yet the 
laws of motion in a cycloid were found to be of great import- 
ance in the determination of the relations between the times of 
motion and tlie spaces passed through, by bodies descending 
near the eartli, from the force of terrestrial attraction; and be- 
came the means of obtaining an expression for the intensity of 
that kind of attraction. 

Galileo had proved, mathematically, that, since gravity is a force 
continually acting, it must cause a falling body to descend through 
spaces proportional to the squares of the times of descent ; and 
attempts had been, subsequently, made to verify the proposition 
by letting bodies fall from the tops of buildings to the ground, 
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and measuring the spaces descended in given times; but the 
values thus fouhdtheing liable to great uncertainty fix>m the dif- 
ficulty o? ascertaining the time of descent accurately, Huygens 
put in practice the following method by which the utmost pre- 
cision might be obtained. He had proved, fix)m the pro- 
perties of the cycloid, that the time of a vibration along that 
cun^c, is to the time of descending down the height, or axis, 
of the cycloid, as the circumference of a circle is to its 
diameter : now the length of the said axis, which is half the 
length of the pendulum, reckoned between the centres of sus- 
pension and oscillation, can be measured with great accuracy, 
and the time of a vibration can be ascertained very correctly 
by^bunting the number of vibrations performed in a consider- 
able time; hence the space descended by a body in one* second 
of time near the earth\s surface is known to be equal to about 
16^ feet ; and, because it can be shewn that the velocity which 
a body, subject to the action of a constant accelerative force, 
acquires at tlie end of a given time of motion, is such as would 
carry it, with uniform motion, through twice the space it has 
moved through, in the same time, if the Jiccelcrative force w'ere 
to cease ; it follow s that a body near the earth would, at the 
end of one second of time, acquire a velocity of 32-^ feet ; and 
this number, therefore, is taken as tlie measure of the force of 
gravity near the earth. Huygens, also, shewed that when a 
body revolves in the circumference of a circle there is an equi- 
librium between the centripetal and centrifugal forces, or those 
by which it, respectively, tends to api^roach to, and recede from 
tlic centre of motion ; and he illustrates the subject by the con- 
dition of a stone revolving in a sling; observing that if the 
centrifugal, exceeded the centripetal force, the string would 
break ; if it were less, the string would slacken, and the stone 
would come to the hand ; but the particular velocity which a 
body must have, to enable it to revolve in a circular orbit about 
a centre of attraction, was not discovered till afterwards. 

The unconnected ideas of Copernicus, Kepler, Galileo and 
Descartes, concerning physical action w^ere, by Dr. Hook, col- 
lected and presented in one view. He asserts that, in all the celes- 
tial bodies, there is a principle of attraction by which their par-- 
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tides tend to thoir respective centres; and j^ttHtet all 

bodies within the sphere of tlieir influence, a 

is so much the greater as the latter are nearer to thk former : 
he, tliereforc, concludes that the sun, moon and planets have an 
influence on the earth, afiecting its motion ; and, reci|]|jk>calty, 
that the earth must exert an influence on them : he repeals the 
hypotlicsis of Galileo, that bodies, once put in motion, will 
continue to advance in rectilinear directions, imless some ex- 
ternal power acts U]>on them to change their courses ; and ho 
goes so far as to remark that, by such external force, they may 
be made to describe circles, ellipses or some other curves : but 
boUi he and Dr. Halley seem to have attempted without success 
to ascertain wliat must be the law of attraction by which a l^dy 
would be enabled to describe an orbit of any given form. Here 
Tb*. Hook stops and, though the bringing these leading ideas 
together must have been a great assistance to any one who, 
subsequently, investigated the laws of planetaiy movement, yet 
an immense space inlen cned between those general notices and 
the creation of a theon^ by which the celestial phenomena were 
accounted for. Hook exhibited a representation of the laws of 
nature, in the solar system, by suspending a ball from the ceil- 
ing and, while it vibrated like a pendulum, giving it an impulse 
laterall}'^, witli respect to the plane of vibration, w hen the ball 
was found to describe an ellipse about a centre which was in tlie 
vertical line passing through the point of suspension : he, also, 
attached a second ball to tlie original one and, by an impulse, 
made it revolve about the first while this revolved about the said 
vertical line ; and he shewed Uiat, now, the original ball, which 
represented tlie earth, no longer described an ellipse, as beibrS, 
but that a certain point between ibis and tlie otlier jjody, (the 
latter representing tlie moon,) described the ellipse, and tliat 
both balls revolved in cun^cs about that point which, as he 
rightly supposed, represented the common centre of gravity of 
the two bodies. But the dependence of tlie forms of the orbits 
described by the revolving bodies on the law of attraction was 
unknown to Hooke and, to solve this problem, a mind still more 
comprehensive was wanting, and new aids were to bo obtained 
from the pure sciences. 
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liis ^i^fying to observe that tbe principal nations of 
]|Sfii^pe;&yc^l^^ shares in the honour of advancing the 
e^se eKseknd philosophy and, particularly, of astronomical 
^science* We have seen that Germany gave birth to Copernicus 
ud li^pler, of whom the former, with powerful arm, overthrew 
^4he barriors raised by ancient prejudices and advanced to some 
distance, though with cautious steps, over the uncertain ground 
beydnd ; while the latter, with unwearied labour essayed every 
r probable path and, having found the right one, proceeded along 
it to the very gate of truth. We have seen Italy send forth Galileo, 
to whose piercing eye the forms of the planetaiy bodies stood 
revealed ; and France and Holland raise up their Cassinis and 
Huygens to correct and extend the knowledge of die celestial 
movements, and open tlie way to the discovery of the earth^S 
r figure and the law of gravitation. But, as good patriots, we are 
proud that our country produced a Newton whose bright genius 
soared loftily over those of the greatest philosophers of his own, 
and of ancient times ; who, bringing to bear upon the elements 
gradually accumulated during a long series of ages, the energies 
of his powerful mind, wrung from reluctant Nature the avowal 
of the laws by which she holds the material universe in equi* 
librio. Happy sliould we feel could we say that his, and our 
countrymen had fallowed his steps and, at least, shared with the 
men of other nations the honour of prosecuting his discoveries, both 
in pure and mixed mathematics, to the point they have since his 
time attained ; but, with regret, we are obliged to own that the 
wreath which encircled the brows of Newton has been suffered to 
wither on his tomb ; and, as if intellectual pursuits of the highest 
order were not the noblest objects of human life, and the duty 
of all who, by fortune, are placed above the condition of the 
labouring hind, the generous efforts of an enlightened few to 
re-excite the decaying fiame of pure science, it has been too 
often attempted to repress, by tlie illiberal and mistaken objeo 
tion tliat such researches are but remotely subs^vient to the 
interests of man. In the mean time our national rivals have 
cast our intellectual glories in the shade, and left us scarcely a 
being able to recover the ground we have lost. May 
.this consideration, howeva:, only stimulate us,^ foture, to new 
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exertions ; that wo may become, at least, not tuiwot^y of inhe- 
riting the renown our fathers have acquired ! ^ V 

Sir Isaac Newton was bom in 1642 and, according, to Dn 
Pemberton, it was in 1666, during his temporary reiurement 
from the university on account of the plague then raging in 
Cambridge, tliat ho began bis inquiry into the nature of planet- 
ary attraction. Accident, then, seems to have led him to con- 
sider that, since the attractive force of the earth, by which a 
stone, when unsupported, descends with an accelerated motion, 
has less intensity on tlic top of a mountain than in a valley, it 
might extend, though with still diminished force, to the region 
of the moon ; and might be that power by which, in conjunc- 
tion with some lateral impulsive force originally given, 
satellite is made to describe its particular orbit about the cartli. 
An erroneous estimate of the magnitude of the earth prevented 
Newton from, immediately, discovering the identity of terres- 
trial gravity with that attractive force by W'hich the moon is 
retained in her orbit, by leading him to the conclusion that the 
latter was gi-eater by one-sixth than it ought to have been on 
that supposition; but when, subsequently, on occasion of a 
letter from Dr. Hook containing an enquiiy into the nature of 
the line described by a body in tailing frpm a great height, 
according to the law^s of acceleration delivered by Galileo, 
taking also into consideration the diurnal movomeut of the earth, 
he was induced to renew, with more accurate data, his investi- 
gations concerning the action of the earth on the moon, he 
obtained demonstrative evidence of that identitj". For, having 
obtained the dimensions of tlie moon’s orbit and the value of 
the arc described by that celestial body in one day, he computed 
the versed sine, which is a decomposed part of the motion in 
the arc, and found it equal to the space through which any 
body in that region would descend towards tlic earth, in the 
same time, by the attraction of the latter, supposing this attrac- 
tion to diminish in the inverse ratio of the square of the dis- 
tance*. 

It appears to have been in the year 1683 that Newton com- 
municated to the Royal *Society certain propositions concerning 

* Principia Mathemattea, Ub. lU. Pxop. 4. 
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the motions of the planets round the isun, which form the basis 

of the ipreat'worh above quoted, and of what has been wnce 

denominated physical astronomy. Having laid down the three 

well kno\im laws of motion he shews, in a corollary to the third, 

that, if a body be urged by two forces in different directions, it 

will describe the diagonal of a parallelogram in the same time that, 

by the action of either force alone, in the direction of one of its 

sides, it would describe that side: and, in the first proposition 

of the first book, demonstrates that if a body be continually 

attracted towards a centre and, at the beginning of its motion, 

it receive an impulse in some other direction, it will describe a 

curve line about that centre with a velocity either uniform or so 

varied that areas formed between the curve and the radii vec- 

*• 

tores drawn from the centre of attraction to any part of the 
periphery will be still {iroportioned to the times in which the 
body describes the arcs between those radii. In the seventeenth 
proposition, assuming that the central Attracting force is inversely 
proportional to the square of the distance of the attracted body, 
he enquires what will be the path described by a body, if projected 
from a given point, in tlie direction of a given line and with a 
given velocity : and he proves that, according to the intensity of 
the projectile force, it will describe an ellipse or a parabola about 
the point of attraction as a focus : and, in the fifteenth, he demon- 
strates that, when several bodies revolve in ellipses about a centre 
of attraction situated in a common focus, llie squares of the 
periodical times in which their complete revolutions are accom- 
plished will be proportional to the cubes of the major axes of 
the orbits, respectively, or to the cubes of the mean distances 
of the bodies fiom that focus. 

The attractions of all the bodies composing the solar system 
being mutual, and the whole attraction of any planet towards 
the sun being made up of tlie attractiye force residing in the 
sun, and of that in the planet itself; and both attractions being 
inversely proportional to the square of the distance of the 
sun and planet from each other, it is evident that the first two 
laws of Kepler are not affected by this mutual attraction; both 
forces actifig in the same right line, and the sum of the two 
being still inversely proportional to the square of the distance ; 

F F 2 
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but the caso is different witb ijie third law, which cannot be 
said to hold good, strictly; since it supposes that, at e^ual 
distances from the sun, two planets would be equally attracted, 
whereas, the planets being of unequal magnitudes, or containing 
unequal masses of matter ; at equal distances, the sum of the 
attractions of the sun and any one planet could not be equal to 
that of the attractions of the sun and any other planet; conse- 
quently the squares of the periodical times of rcrolution are not 
exactly proportioned to the cubes of the me4n distances; and 
the correction due to this erroneous supposition enters among 
those which it is necessary to make, on account of the perturba- 
tions caused by the mutual attractions of the planets themselves. 

Hitherto Newton considers the bodies attracting and attracted 
as mere points; but he shews* that the particles of matter 
composing the great bodies of the solar system arc held together 
by an attractive power similar to Uiat which is in action between 
the bodies themselves ; and, considering that the attraction of 
the bodies is made up of the attractions of all the particles com- 
posing tlicm, he proves ** that, wdicn two attracting spheres, 
whether they be botli homogeneous, or both similar, with respect 
to their densities, at given distances from the centre, arc situated 
at different distances from each other; their mutual attractions 
are directly jiroportional to tlie masses, and inversely proj>or- 
tional to the squares of the distances : and, in tlie eighth and 
ninth corollaries to the latter proposition, he shows that the 
propositions, before demonstrated, relative to the motion of 
points about the foci of the conic sections, hold good when both 
the central and the revolving bodies arc attracting spheres. The 
laws w'hich Kepler had, with so much labour, proved to exist 
among the bodies of the solar system, are, thus, proved to be 
necessary consequences of the attractive principle which resides 
in all the matter of the ^niverse, and which vaiics in intensity 
according to the squares of*the distances, inversely, as above 
assumed : and the manner in which a planetaiy’^ body, subject 
to the action of an attractive force in the sun, and urged by an 
impulsive force in another direction, revolves in an ellipse about 


• Princip. Lib. III., Prop. 7, cor. I. 
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that luminaiy, may be explained by auppoaing the. impulsive 
force to have been, originally, greater or less &an that which 
would lae necessary to allow the revolving body to move in a 
circular orbit ; on the supposition that the impulsive force is 
less, the planet, approaching continually nearer the sun by the 
excess of the attractive above the other force, acquires an aug- 
mentation of velocity, because, the sun's attraction being decom- 
posed in the directions of a tangent, and of a normal to the 
orbit, the former part is coincident with the direction in which the 
impulsive force acts on the planet; but an augmentatiem of 
velocity is necessarily attended with an alimentation of the 
centrifugal force, and, when this becomes equal to the caitri- 
pctal, or attracting force, the planet must be in peribelio ; for, 
adeiward, the fonner becoming greater than the latter force, 
the planet recedes from the sun, and that decomposed part of 
tlio centi'ipelal force which coincides with the tangent to the 
orbit, acts in a direction contrary to that of the impulsive force ; 
hence the velocity of the planet diminishes and, with it, the 
centrifugal and centripetal forces ; and, tliese diminutions taking 
]ilace by the same degrees as the augmentations on the opposite 
side of the line of the apsides, the planet is necessarily caused 
to return to the point fiom whence it set out, and the former 
movement is repeated. In like manner, if a secondary planet 
be attracted towards its primary, and be made subject to the 
action of an impulsive force iu another direction, it is evident 
that this secondary may be made to revolve in an elliptical 
orbit about the principal planet, while the latter revolves, as 
above explained, about the sun ; and thus is constituted a sys- 
tem of Uirec bodies, like that of the sun, eailh, and moon. 

The proportions subsisting between the periodical times of 
revolution and the distances of the revolving bodies from the 
centre of attraction, being found to be the same for the earth 
and all the planets which revolve about the sun ; it is evident 
that tile sun is the common focus of 'attraction for these bodies, 
and lliat the power which retains the earth in its orbit is tlie 
same as that which retains the others ; since, if the distances of 
the planets from the sun were all equal, the periodical times of 
revolution would be equal, and the planets would be attracted 
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with forces of equal intensity towards the ci^tre of the system : 
but what is proved of the attracting power residing in the sun 
is proved, also, of that which resides in all the planets that 
have satellites ; for, as the movements of these about their pri- 
maries are subject to the same lawsas those of their primaries about 
the sun, it follows that the Earth, Jupiter, and Saturn, possess 
also an attractive power which varies in the inverse duplicate 
ratio of the distance ; and thus the universality of the gravitating 
principle is established. And, as the attractions of the eartli 
and planets arc found to extend to their respective satellites, 
it cannot be doubted that they extend far beyond, though with 
diminished force ; and, consequently, tliat the planets react on 
the sun and mutually attract each other ; hence we conclude 
that they must produce perturbations in each otlier’s motions, 
and that, from this cause, the obsen’'ed velocities of the planets 
cannot be such as would result from a simple elliptical motion. 

From the degree of attractive power exercised by the planets 
upon their satellites in producing the movements observed in 
the latter, Newton was enabled, and such a discovery could 
not, in a former age, have been imagined, to detennine tlie 
quantities of matter in, and the densities of those planets whicli 
are attended by satellites"; the densities of the other planets, 
Mercurj’^, Venus, and Mars can only be ascertained indirectly 
and with much imcertainty. 

In consequence of the mutual attractions of the planets, it 
follows that the sun is not quiescent in a common focus of their 
orbits, Newton shews, however**, that the common centre of 
gravity of the sun and planets is never distant from the centre of 
the sun so much as one diameter of that luminary ; and, in the 
corollary, he asserts that this common centre of gravity is to be 
considered as the true centre of the solar system: he supposes 
it immoveable, but modem astronomers are of a different opinion, 
and there is reason to believe, from the variations which have 
been observed in tlie relative distances of certain fixed stars, 
situated in opposite parts of the heavens, that it is moving 
direcUy towards that quarter in which are the constellations 


• Princip. Lib. III. Prop. 8. wr, 2. 3. 


»» Ibis. Lib. III. Prop. 12. 



XX.] 


B£VELOPEi:> BY NEWTON^ 


Aquila and Hercules, or that it is performing a rcYolution about 
some unknown, but immensely remote point of space. 

Sincel* the mutual attractions of the sun and planets must, 
necessarily, change the simplicity of the original law of move- 
ment ; the planets, on this account, cannot, strictly speaking, 
describe,*, about the ste, elliptical orbits, nor areas proportional 
to the times: but Newton shews ^ that in a system of bodies 
moving al^out one considerably greater than all the rest, and 
such is the case with the system to which we ' belong, the 
proportional areas and the elliptical orbits are, by those 
planets which have no satellites, described, very nearly, about 
the common centre of gravity; and, with respect to each of 
•those planets which have satellites, the Earth, Jupiter, and 
Saturn, he observes ‘‘ that it is the common centre of gravity of 
the primary and all its satellites which describes, nearly, the 
eUipticid orbit and areas proportional to the times. He adds 
that the sun, himself, is made to describe an orbit about the 
common centre of gravity of tlie system; that the earth and 
moon revolve about their own common centre, in a mpnih; and, 
in like manner, each primary planet and its secondaries revolve 
about the centre of its particular system. 

Newton admits that the force of the attraction exercised by 
the planets ou one another should be taken into consideration, 
in a theory of Uieir motions; he observes that, at the conjunc- 
tions of Jupiter, Saturn and the sun, the attractions exercised 
by the first and last on Saturn are, to one another, in the ratio of 
1 i(y 211, nearly; and he shews that there arises a sensible 
perturbation in the orbit of Saturn by the action of Jupiter; 
from which, according as the former happens to bo situated, with 
respect to the line of its apsides, at tlie time of the conjunction, 
the eccentricity may be augmented or diminished; its aphelion, 
also, will be made to advance or to retrograde, and its mean 
motion accelerated or retarded: the whole error in the mean 
motion of Saturn he supposes to be equal to about two minutes 
annually®, but he consider this quantity to be superior to the 

• Prindp. Lib. I. Prop. 68, rxjr. * Ibid. Lib. III. Prop. 13. 

‘ Ibid. Lib. III. Prop. 13. 
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error produced by a similar cause in tlie mean motians of 
of tbe oth^ planets. . - ' 

In all Ins investigations^ Newton supposed tbe apsides 4pd 
nodes of a planet’s orbit to be immoveable and, in fact, }n 
time, the observations were not sufficiently precise to put tt® 
question concerning the quiescence or motion of thq apsides 
quite beyond a doubt; yet be shews how, by a law of attracffetOn' 
differing from that of the square of the distances, illversely, a*, 
movement of those points must necessarily take place : lie ^ 
proves also, that the movements would be retrograde if the 
attraction were inversely proportional to a power of the distaiK^ 
less than the square, and direct, if inversely proportional td a 
power greater than the square ; and, as an example, he calculates^ 
that, if the centripetal force were inversely as the power 2 ^ of 
the distance, the revolving body would go tlirough an angle of 863 
degrees during the time of a revolution from one exlremily ^f 
the major axis to the same; and, consequently, that Uiis extre- 
mity would advance tlirec degrees during^ the revolution. Ilia 
inference 4s, that such w'ould be the result if an external or 
perturbating force should act upon a planet to alter its gravitation 
to the sun, from the general, to that j)articular law. 

To explain the theoiy^ of perturbation in a system of tlirce 
bodies, consisting of the sun and two })lanets of which every one 
attracts the others. I^t s [Plate V. fig. 4.J be the sun; M the 
disturbed planet, moving, originally, in the elliptical orbit r M a, 
and p' the disturbing planet, whose orbit is here supposed to be 
on the exterior of the other; join i*' and M, and draw the line 
p' p through s. Take M (’ to represent the sum of the attractions 
of M and p', at tbe distance p' M, on each other, and resolve it 
into the forces M u and M n, of which the former is equal to the 
sum, and parallel to the directions of the attractions of p' and s 
on each other; then the force M b, expressing that part of the 
disturbing force of P' w^hich acts equally, and in parallel di- 
rections on M and s, produces no change in the relative positions 
of those two bodies; M n is, tlierefore, the only force we have 
to consider; let "this force be resolved into the two forces M e 
and Ai F, of which the former acts in the direction of the radius 

• Frincip, Prop. i5. 
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' M 8, mid atm other, in that of a tangent to the ortat of st. 
Now, while the force m e tends towards s, it is evident that the 
lea^traLCtibn from m towards s is increased in consequence of the 
. ^^urbing force; but the force M E is nearly*in direct proportion 
to the distance M s*, while the attraction of s is inversely pro- 
portional to the square of the same distance: hence the whole 
httractiop pf s on m is inversely proportional to a power of sm 
which is fess than the square and, as was said above, the line 
‘of the apsides of the orbit will be caused to retrograde about s* 

, It is evident that this effect will be tlie greatest when the planet 
^ is nearly in quadrature with resj)ect to s and p; that is, ut%: 
or q', where the tangential force m f coinciding with B M, no 
* perturbation in that direction takes place. On the other hand, 
when M E is in an opposite direction to M s, the attractive force 
of s upon M is diminished in consequence of the disturbing force, 
by a quantity which is nearly in direct proportion to M s; or, in 
other words, the attraction from M towards s is, as iar as this 
distributing force is poncemeJ, nearly in inverse proportion to 
the distance M s, while, by the general law of gravitation, it is 
iiivesscly j)roportional to the S(iuarc of that distance; consequently 
the whole attraction of s on M will, in the present case, be 
inversely proportional to a power of s M which is greater than 
the square;, and it Mill follow that the line of the apsides will 
move in direct order about s ; the effect will be the greatest when 
the planet m is in conjunction with, or in opposition to P', at 
which limes the tangential force M f vanishes. 

It is a consequence of this variation in the attraction of s upon 
M that the orbit of this jjlanet is rendered more or less eccentric 
according to the position of the line a p, of the apsides, with re- 
spect to the line p s ; when the former is in coincidence, or 
nearly so, with the latter or, as it is said, when the line of ap- 
sides is in, or about the syzygy, the eccentricity is increased ; 
and a contrary effect takes place when the line of apsides is in, 
or nearly in quadrature, that is, at right angles to p' s. It is ex- 
plained by Newton ^ that, in Uie first case, the planet M, in 
passing from the aphelion, towards the perihelion point, being 
distiurbed by a perpetual accession of new forces tending to s, 
* Princip. Lib. I. Prop. 66, cor. 7* ** Ibid. cor. 9. 
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will approach constantly nearer to the latter hody than if it de- 
sodbed the simple undistifrbed elliptical orbit, till it arrives at 
the perihelion; after which, in returning towards the*^high^ 
apsis, the diminution of the disturbing force being in a higher « 
ratio than its previous augmentation, the planet, till it ar^ves 
at the aphelion, is carried continually further from s, than if it 
had moved in an elliptical orbit, dCnd thus, the sun ^ still occu-. 
pying one of the finji, the orbit is rendered more eccentric ; the 
effect is evidently tlie greatest when the apsides are ei^actly in 
syzygy. In the second case, the accession of new forces acting 
dh M will, for the same reason as before, elongate the orbit in^ 
the direction of the line P r' ; and, consequently, will dimiiush 
the major axis and the eccentricity ; the effect being tlie great- 
est when the apsides are exactly in quadrature. 

In the lentil corollary to the proposition last quoted^ Newton 
sliews that if the plane of the orbit of m be inclined to souie 
other plane, as that of the ecliptic, wdiich intersects it in a 
line passing through s ; the force which represents the attrac- 
tion of r' upon M being decomjiosed into two forces, of which 
one is in the plane of the ecliptic and the other pcrperidi^^ular 
to it, the latter force, except wdien the lines of nodes is coinci- 
dent with p' P, wdll, by acting on M, have tlie effect of drawing 
the orbit of this planet towards the plane of the ecliptig, so tliat the 
inclination of the two planes and, consequently, Uie latitude of 
tlie planet will undergo variations independent of those which 
would be experienced in an undisturbed elliptical orbit; and 
the effect of tliis attraction will, of course, be die greatest when 
the nodes arc in quadrature. Wlien the planet M is in eitlicr node 
and, also, when at 90 degrees from thence, it is evident that tlie 
attraction of r' will have no effect in changing the places of the 
nodes ; but, in every other position of the planet, the decomposed 
part of the attraction of P', wliich is perpendicular to the eclip- 
tic, together with the force wdiich causes the planet's motion in 
the orbit, produce a force, oblique to the plane of the ecliptic, 
by which the direction of the planet's patti is changed, and made 
to intersect the ecliptic in various places and at various incli- 
nations according to the intensities of the acting forces ; so that 
both the original inclination is perpetually changing and the 
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nodes aro made to move uncquably on the ecliptic, in retrogtade 
order; and^ Newton «pbserves* that, since the nodes axe either 
stationary or mWing, thus, in aniecedmtiaj upon the whole^ in 
each revolution about the sun, they are made to retrograde, 
with rei^ect to the places of the fixed stars. He adds^, that 
if p' be.very remote, when its place is compared with those 
of the other two bodies, the mean motion of the aphelion will 
be nearly in a constant ratio to the mean motion of the nodes ; 
both being directly proportional to the periodical time of the re- 
volution of M about s, and inversely proportional to the square 
of the periodical time of the revolution of p' about s. 

Tlie perturbating force exercised by an inferior, on a superior 
planet produces effects similar in kind but, generally, contrary 
in direction, to that exercised by a superior ou an inferior 
planet; and the circumstances above exhibited will apply to the 
disturbing force exercised by the sun on the moon, if we sup- 
pose the former to be represented by p' ; the latter, by m, and 
if s represent the earth. 

If the moon’s orbit were undisturbed, the equation of the 
centre, which depends on the angle at the moon, subtended by 
llic eccentricity of the orbit, or by the distance of its centre 
from one of the foci, would be always the same when the ano- 
maly, or distance of the moon from cither apsis, is the same. 
But, as we have seen that the perturbating force in M s, the 
radius vector, increases the eccentricity of the orbit when the 
moon and the line of the apsides is in or near the syzygies, and 
diminishes it when the moon and the line of the apsides is in or 
near die quadratures ; and, as the moon’s gravity to the earth is 
always augmented when she is in quadrature and diminished 
when in syzygy by the action of the same disturbing force, it 
follows that, when the apsides axe in syzygy and the moon in 
quadrature, the augmentation of the eccentricity is the greatest ; 
and, when the apsides arc in quadrature and die moon in syzygy, 
the diminution of the eccentricity is, also, the greatest : again, 
the equation of the centre augmenting and diminishing with the 
eccentricity, its maximum and minimum state will coincide, 
respectively, with the two last mentioned situations of the moon 
■ Princip. Lib. I. Prop. 66. cor. U. Ibid. cor. 16. 
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asd the line of her apsides ; and its mean slate,' ^dth two 
former. Now the ancients, previously tcbthe jBiM of .S^tdemy, 
determined the equation of the centre by means of idle eclipses 
of the sun and moon ; Hiat is, for times when the n^don was in 
the syzygiesj and, according to Hipparchus, w’heifthe apsides, 
also, were so situated, the equa|^on was equal to 6® SO', but, 
when in quadrature, to five degrees only. Ptolemy, on die other 
hand, obsen ing the moon when in quadrature, found that if the 
apsides, also, were in quadrature, the equation was 6® 2(K ; and, 
if in syzygy, it amounted to 7® 40'. Tlie difierence, therefore, 
between the mean state and either of the extremes, which is 
equal to 1® 20', he denominated the second lunar inequality ; 
and this is the equation which was, subsequently, designated 
the erection, and whose physical cause has been above explain- 
ed. ^riie cvcction vanishes when the moon is in syzygy, and 
then, the equation of the centre coincides with that determined 
by Hipparchus ; hut, whether the apsides be in syzygy or qua- 
drature, if the moon be in tlic latter position, the evection is a 
maximum for, then, the equation of the centre differs by 
about 1® 20' from the values assigned to it by that ancient 
astronomer. 

It is remarkable that Newton does not enter into any compu- 
tation concerning the elFccts of the perturbation last mentioned; 
he mertily shews ^ the proportion w’hich the disturbing force of 
the sun, in the direction of the radius vector, bears to gravity ; 
and he, probably, considered tJiat the particular values might be 
easily deduced from what he had said in the sixty-sixth propo- 
sition of his First Book. But that inequality of the moon’s 
motion which called her variation, and which was <liscovered 
by Tycho Brahe, is shewn, in the tw enty-sixth and twenty-ninth * 
propositions of the third book, to depend upon that decomposed 
part of the sun’s attraction of the moon which acts in the direc- 
tion of a tangent to her paili about tlic earth, as above explained ; 
this force alternately accelwates and retards the movement of 
the moon in the different quadrants of her orbit, and is reduced 
to nothing in the conjunctions and oppositions because, then, 
the whole attraction of the sun acts in the radius vector ; it is, 

• Princip. JUib. III. Prop. 21^. 
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sdso^ ' Bothiug in* the ^adratnr^, since, there, the tangential 
force is eqW' to tha attraction exercised on the earth, by the 
sun ; jn consequence of which no change, on this account, takes 
place iif the moon’s motion relatively to that of the earth ; but 
its effects £U% the greatest when the moon is in the octants, or at 
45 degi-ees* from the points of syzygy and quadrature, in which 
situations it amounts to 35^ 42'' ncai'ly. Newton makes it equal 
to 35' 10 ', but he supposes the earth to be in the centre of the 
moon’s elliptical orbit, and he has neglected the difference arising 
from the cilipticily of the orbit of the eai th. 

A fourth inequality of the moon’s motion, winch was disco- 
vered by Kepler, and is called her annual equation, is shewn by 
Newton, in the scholium to the thirty-fifth proposition of the 
third book, to arise from the variations in the dimensihns of the 
moon’s orbit, caused by the different degrees of attraction ex- 
ercised by the sun on the earth in different seasons when, 
frop the cilipticily of tlic orbit, the earth is at different dis- 
tances from him^ Thus, at the time tho earth is in perihelio, 
and the moon in syzygy, tlic increased attraction of the sun 
causes a con*esponding increase in the length of the major axis 
of the moon’s orbit ; and, in the aphelion, a contraiy effect takes 
place by the diminished atfraction ; but the moon moves slower 
wJien her orbit is expanded, and faster when contracted ; and, 
for the^moon’s movement in longitude, he makes Uie amount of 
the equation, when a maximum, equal to 11' 50": at present, 
astronomers make it something less. 

These four inequalities of the moon’s motion are all that were 
discovered by observation, but the theory of gravitation has 
made us acquainted wiUi twenty-eight others, which probably 
never w'ould have been, without it, distinguished from each other; 
of these Newton mentions one which he denominates the semi- 
annual equation, and which he shews to arise from the different 
positions assumed by the line gf the mdon’s nodes ; when this 
line passes through the sun, the whole attraction of the latter is, 
evidently, exerted in the plane of the ecliptic ; but, in propor- 
tion as it deviates from that position, tlie attraction is diminished 
by the obliquity of its line of action to that plane ; and, thus, 
variations take place in the moon’s movement: the inequality 
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is a maximum when the nodes are in theioctahls with respect to 
the sun^ and then, according to Newton, it amounts to^ 47 se- 
conds ; it is now made equal to about 60 seconds, and vanishes 
twice in a year, at the times when the n^es are in coxijunction 
with the sun. 

The cause of the retrograde movement of the nodes of any 
planet's orbit is explained, as we have said, in the first book of 
the Principia ; and Newton computes from the tlieoiy there exhi- 
bited, that Uic mean annual motion of the moon's nodes, ]>ro- 
duced by the sun's attraction, is equal to about 19® 18'. He 
does not enter into any investigation concerning the anioimt of 
the progression of tlie moon's apogcum, but he asserts **, and 
probably, by observations made in his time it had been found, 
that it was equal to about three degrees in each revolution of the 
moon. The cause of the progression of the apsides of any orbit 
is shewn in the proposition last quoted; and it is obsei^ed*^ 
that the variations in the degree of solar attraction will produce 
corresponding variations in the movements bqtli of the apsides 
and nodes. 

The particles of matter composing the earth being endowed 
with attractive qualities it is evident tliat, if the earth liad no 
movement of rotation, those particles would arrange themselves 
uniformly about the centre of the mass, wOiich would, then, as- 
siune the figure of a perfect sphere ; but, in consequence of that 
rotation on its axis, the particles acquire a centrifugal force 
which is so much the greater in each, as the particle is more 
distant from the axis of revolution ; hence, the matter about the 
equatorial regions was compelled to recede from the centre till 
an equilibrium look place between the atti*active and centri- 
fugal forces, and the matter about the poles subsiding towards 
the centre to supply the deficiency tliere, it followed that the 
equatorial, exceeded the polar diameter in length, and the eartli 
assumed the form of A oblate spheroid 

In investigating the figure of the earth, Newton supposes that 
the latter was originally a fluid mass revolving on its axis ; tliat 
its particles mutually attract each other, and that every part of 

* Prindp. Lib. III. Prop. 31, 32. Ibid. Lib. I. Prop. 46. cor. 2. 

* lUd. Lib. III. Prop. 33. «diol. * Ibid. Lib. III. Prop. IS. 
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the 'surface is in equilibrio between the gravitating and centri- 
Algal forces ; and ho concludes*' that the ratio of the polar, to 
the equatorial diameter is as 220 to 230 : he shews, also, that the 
forces of gravity at the poles and at the equator are inversely 
proportional to the lengths of those diameters; and that, in 
proceeding towards the equatorial regions, the diminution of 
intensity is proportional to the square of the sine of Uie latitude. 
The hypothesis of Newton was, immediately afterward, modified 
by Huygens, who, assuming that the earth is a spheroid com- 
posed of infinitely thin strata diminishing in density firom the 
centre to llic surface, and infinitely great at the cfintre itself ; 
and, also, considering that each particle tends towards the centre 
of gravity of the terrestrial mass, with a force inversely propor- 
tional to the square of its distance firom that point, obtained a 
value of the compression which La Place considers as exceed- 
ing the true value, while that found from the preceding hypo- 
thesis falls short of it Now it is shewn by Newton ^ that the 
attractive influence of a body, exerted obliquely upon the an- 
nular protuberance of another body, whose form is'^spheroidal 
and which is endowed both with a rotation on its axis and a re- 
volution about the attracting body, will produce a variation in 
the obliquity of the axes of the two movements and a retrograde 
movement of the nodes of the protuberance : but the earth's 
protuberant equator is inclined to the ecliptic, which is Uic 
plane of the earth's revolution about the sun, in an angle of 
about 23^ degrees ; and, therefore, a decomposed part of the 
solar attraction, acting upon the equatorial regions of the earth 
perpendicularly to the ecliptic, combined with the force wiUi 
which a point on tlie circumference of the equator revolves 
about the axis of the latter, will, necessarily, produce a con- 
tinual diminution of tlie obliquity of the ecliptic and a retro- 
gradation of the equinoctial points ; just as the attraction of the 
sun nn the moon, combined with her revolution in her orbit, 
causes a variation in the obliquity of that orbit and a retro- 
gradation of its nodes: supposing the excess of the terrestrial ‘ 
spheroid above the inscribed sphere to surround the equator of 
the sphere like a ring, Newton finds that the amount of the retro- 

^ Ibid. Lib. 1. Prop. 6a eor. 20. 
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gradation of the equinoctial points would be^ ^io thal'of tba 
moon's nodes^ in the same proportion tliat the sidl^al ddy bears' 
to the period of a sidereal revolution^of the moon *. ' lie %hewS^ 
however, that tins result requires modification because the i^ng, 
by adhering to the teiTcstrial sphere, communicates to tlie latter 
its own retrograde movement, which renders the actual retro- 
gradation of the equinoctial points less than that of the nodes * 
of the ring, in tlic proportion of the mass of the ring to tliat of 
the earth. 

The action of the moon upon the equatorial regions of the - 
earth produces, also, changes in the obliquity, and a retrograda- 
tion of the eciuinoctial points ; but Uic intensity of her attraction 
is more variable than that of the sun, because tlie influence of 
the fonner body can only be directed, in the same manner, to 
the same ptuiits of tlie equator, at the imd of every revolution of 
her nodes. In the proposition above* quoted Newton has ex- 
pressed his determination, from theory, of the mean annular 
amount of the retrogradalion ; of which life part due to the soljur 
attraction is stated to be about V seconds, and that due to the 
general attraction of 'the moon, 41 seconds, nearly j hence the 
whole is made equal to about 50 seconds. From tlie movement, 
thus explained, of the equinoctial points, arises the observed 
general precession of the stars, whose longitudes are reckoned 
from one of those jioiiils, and its amount is nearly the same as 
that which is assigned by Newton. The vmialions of these at- 
tiactions Newton dues not consider, but, in the twenty-first pro- 
position, speaking of the solar nutation of the earth’s axis, he 
observes tliat it must be very small and scarcely perceptible. 

The attractions of the sun and moon are provtjd, also, to be 
the causes of the tides raised in the ocean, and Newton’s ex- 
jilanation of these phenomena is contained in the corollaries to 
the sixty-sixth iiroposition of his first book. In the second, he 
shew's that any l>ody revolving originally in a circular and uni- 
form manner about the earth, and disturbed by the attraction of 
the sun, will have its velocity continually accelerated in its ap- 
proach towards the points of conjunction and opposition with 
the sun, and continually retarded in its approach towards the 

* Prindp. Lib. III. Prop. 30. 
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polnU^f ; md the aatne thing is shewn % of a ring 

of fluid surrottnding the earth in the plane of the 
equatdrV Each a fluid rixig» therefore, representing an ocean so 
situated, it is evident that the velocity of the fluid particles in 
syzygy, being greater than that of the solid matter of the earth, 
an elevation of the fluid will there take place which, conse- 
^endy, by the revolution of the earth on its axis, will cause 
. two lugh tides to be raised, at any one place, in the time of a 
' didmal revolution ; by the diminished velocity of the fluid in 
.tjfladrature, there will, also, be two low tides in the same time. 
Likb effects arc supposed to be produced by the attraction of 
the moon on the waters; and, in the twenty-fourth proposition 
of the diird book, it is shewn that the tides will be higher than 
ordinary when die luminaries are in conjunction ahd oppo- 
sition ; and lower, when one is in quadrature and the other in 
s^yzygy : thus are the spring and neap tides, which occur alter- 
nately twice in each month, accounted for. Newton shews, 
also, that the highest waters arc continually taking place at two 
opposite points of the earth’s surface w^hich have tlie moon near 
their zcnitli or nadir ; hence, when the liiminaiy has consider- 
able declination from the equator, it follow's, on account of the 
obliquity of the earth’s axis of rotation to tlie line of the apsides 
of the spheroid fonncd by tlie lunar attraction, tiiat the tide 
raised when the luminary is on the meridian of a place, or rather 
when it has recently passed it, is considerably higher, or lower, 
tlian that which occurs after twelve hours, at the same place. 
He calculates moreover tliat, in ttie open seas, the sun’s attrac- 
tion is sufficient to raise the tides nearly two feet above the 
mean level, and that of the moon, about 9 feet ; so that, when 
the luminaries act together, their united powers will raise them 
11 feet; but this is independent of the local and other causes 
which may accelerate or retard^the flow^ing of the waters. 

The attraction exercised by the earth on the moon, combined^ 
witli the rotation of the latter on her axis, is shewn to have 
caused a small elongation of the diameter which, when pro- 
duced, passes through the earth, with a corresponding contrac- 
tion of that diameter of the moon’s equator which is at right 


Ibid. Lib. IIT. Prop. S6, 37«i 
Q Gf 
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angles to the former ; and to this is ascribed the constant pre** 
sentation of nearly the same face of the moon to the earth ; for, 
though foreign perturbations may epuse the former of tifese dia-* 
meters to deviate from the line joining the centres of the moon 
and earth, the attraction of the latter will presently bring it back ; 
thus, it will be made to oscillate about its mean position within 
certain limits of very small extent : and this tendency 6f the 
same face of the moon towards the earth causes her, with re- 
spect to any fixed point in space, to make one revolution on her 
axis during the period of one revolution in her orbit, about the 
earth : and subsequently to Newton's time, it has been proved 
that, from the same cause, the nodes of her equator and tliose of 
her orbit retrograde w’ith equal velocities. 

The latter part of Newton’s third book contains his fheory of 
comets ; he there shews that they describe about the Sim ellip- 
tical curves which, however, do not differ much from parabolas, 
to a certain extent on each side of the perihelion point ; hence 
he considers that they return, periodically, to the part we occupy 
in the system, and he gives a rule for detennining, by compu- 
tation, the forms of llieir orbits and the laws of their movements 
in them : for this purpose he proposes “ to have three observed 
geocentric places of the comet, with the positions of the earth 
at the times of observation ; and to fiiiJ, by ti*ial, a parabola, 
having the sun in its focus, and intersecting the three visual rays 
in the directions of which the comet is seen, in points correspond- 
ing with the h^ocentric places which a body should have, at 
the given times, wlien moving in an orbit of tliat figure. In 
those cometary orbits which have been determined by computa- 
tion, it has been found that the squares of the times of revolu- 
tion ore proportional to the cubes of the mean distances ; and, 
where the periodical returns of comets have not been observed, 
the velocities of those bodies in the perihelion points of llieir 
orbits have been found to be, also, in the subtriplicate ratio of 
their perihelion distances, which Newlon has demonstrated to 
be a law of motion in a parabolic curve ; hence it follows that 
the comets, as well as the planets, are subject to, and de- 
scribe their orbits in virtue of the sun’s attractive powar. The 
• Princip. Lib, III. Prop. 41. 
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inequalities of the motions of comets aife, however, far more con- 
siderable than those of planets; fi>r the inequalities are piopor* 
tional to the eccentricities, and the eccentriciti^ of comets are 
very great. 

On the publication of Newton’s work, though to men of ordi- 
nary attainments in science, it was a sealed book, and though it 
• appears that only a few of the first mathematicians in Europe 
could, at that time, be said to have understood it, the jealousy 
of tliis great man’s contemporaries was the cause that, many 
efforts were made to detract firom his merit; it was particularly 
urged that the principle of gravitation was not his discovery, and 
that it had been clearly announced long before his time ; as ii[ 
tlie claims of this illustrious philosopher to the gratitude of pos^ 
terity was founded only on the knowledge of a power in nature, 
and not on the discovery of the means through which that pow«r 
produces the phenomena of the earth and celestial bodies ; a dis- 
covery which could only have been made by the exertion of a 
transcendent intellect, and which has rend^^^red Newton as much 
superior to any preceding j)hilosopher as the man who dispenses 
his wealth for the benefit of his species is to one who suffers it 
to remain unproductive in his coffers. It is true that Kepler 
supposed the existence of an attractive force in the sun and pla- 
nets, and that he considers it as changing with the variations of 
distance ; but he was far from having any fixed ideas concerning 
the law of the variations, and he speaks as if he thought the 
movements of the planets were the result of inteltigences or souls 
inherent in those celestial bodies; it may, also, be alleged, and 
with greater reason, that Galileo and BuUialdus were aware of 
the true law by which the attractive force diminishes, but, in 
their hands, the principle remained fruitless since^tliey do not 
introduce it into any part of the planetarj’' theory. The same 
thing must be said of the principles enunciated by Dr. Hook, 
which only shew that the materials for the work had been pre- 
pared by different hands ; the architect was still wanting, and 
Newton was happy in arriving at the critical moment to design 
and raise the edifice. 

The law of attraction which Newton had assumed was not, 
moreover, immediately received by all his contemporaries ; and 

G G 2 
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those learned men who could not avoid admiring the profundity 
of his genius in deducing the most important phenomena of the 
heavens from a single principle, nor acknowledging that a cen- 
tral attractive force actually resided in tlie sun ; yet felt disposed 
to object to the principle itself, so far at least as cx)ncemcd the 
mutual attractions of material bodies, on the ground that it seemed 
to be a return to the doctrine of occult qualities which had been/ 
long before, so justly proscribed, and that it was incapable of 
explanation by any known laws of mechanical action ; such ob- 
jections, howTver, fall to the ground when it is considered that 
there is the same evidence for tlie attraction of gravitation as for 
tliose of magnetism and electricity, w^hose existence cannot be 
doubted though they are not apprehended by tlie senses, and 
though no conception can be formed of their mode of action. 
It is, therefore, consistently with sound philosophy that Newton, 
while deducing the figure and movements of tlie earth and pla- 
nets from the action of gravity, treats the principle as a law of 
nature with whose origin he has no concern, but which, being 
adopted as an hjqiothesis, is found to satisfy all the known phe- 
nomena of the celestial movements. 

Descartes, as we have seen, had attemjited to account for the 
motions of the planets by supposing them to be carried round 
the sun in vortices ; and, in an age when the hypothesis was 
generally received among the learned, it is not surprising that 
Newton should have thought it necessary to take the trouble of 
refuting it : this he has done in the second book of the Prin- 
cipia by showing, first, that the molecules of a fluid vortex 
w'ould revolve with such velocities about a central body like the 
sun, whose rotation was the cause of their motion, that the 
periodical times of their revolutions would be proportional to 
the squares of their distances from it; whereas the planetary 
bodies, which, as he shews, ought, by being carried round in 
the vortex, to revolve with velocities expressed by that law, 
have, in fact, their periodical times of revolution in the sesqui- 
plicate ratio of their distances; and, in the next place, that 
since the interior molecules of the fluid revolve with the greatest 
velocities, they would press against those towards the exterior ; 

• ■ CoroUarieft to Prop. 52. 
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and the whole being finally dissipated in infinite space, the 
vortex and the movement of the boi^es placed in it would, at 
length, •cease. To these arguments he adds, that the motions 
of cornels, taking place freely in all directions, entirely destroy 
the hypothesis. But the desire fb refer the laws of Nature to 
mechanical causes as far as possible was, in those days, strongly 
felt; and Sir Isaac Newton himself, probably in compliance 
with the taste of the times, and when not restrained within tlie 
limits prescribed by geometry, attempts, but iii the modest 
form of a query, to explain the cause of gravitation by the ex- 
istence of a fluid surrounding the sun, and increasing in density 
as it recedes from that luminary ; so that a body placed in the 
fluid would be impelled towards the sun by the excess of the 
pressure on the exterior, over that on the interior side". It 
appears also, that BeniouiUi, dissatisfied with the hypotheses 
both of Descartes and Newton, proposed another, in which he 
imagined a loiTent of fluid matter to be continually setting in, 
from the exterior of the vortex towards the centre, and, thereby 
causing a tendency of all the planets towai*ds the sun. Willi 
respect to that of Neulon; it is proved by Mr. Vince, in his 
obsen^ations on the hypotheses assumed to account for the 
cause of gravitation^, that it is not possible for any law of the 
variations in the density of the fluid, in terms of the distance of 
its molecules from the sun, combined with any law of the vari- 
ations in the repulsive force of the molecules of tlie fluid, to 
satisfy the laws of gravitation : and the same astronomer justly 
observes, that all such hypotheses have difficulties as great as 
those which they are intended to solve ; since the nature of the 
repelling power, by which is constituted the elasticity of the 
fluid, is as remote from our apprehension, and as much requires 
explanation, as that^of gravity itself. 

From the wild fancies above hinted at, it is with pleasure we 
tmn to notice some remarks of Newton, in his letters to Dr. 
Bentley, in answer to the enquiries made by this distinguished 
scholar concerning that part of the philosophy of Epicurus in 
which it is assumed, that the earth and celestial bodies formed 
themselves by tlie condensations of a matter previously diffused, 

" Optics, Quacst. 21, b Art. 11. 
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Buiformly, through the universe. Newton first shews the ab* 
surdity of supposing that the particles of matter, having a ten- 
dency to unite by a principle similar to that of grsLviiy% could, 
at any time, be uniformly dijSused in space ; since, firem the first 
moment of their existence, the*bondensation must have commen- 
ced ; he then obsen^es that, if matter were evenly difiiised through 
a finite space, and its particles were endowed with gravity, those 
particles would fall to the middle of the space, and there form 
one spherical mass ; or, if difiused through infinite space, it 
would form an infinite number of great masses which, if the 
matter were lucid, might constitute suns and stars ; and he adds, 
it is inexplicable by natural causes that the matter should so 
separate itself as to form two different kinds of bodies, one lucid 
like the sun, and the other opaque like the planets. Lastly, he 
states that the motions which the planets have could only be 
caused by an intelligent agent: giaviiy alone, be observes, 
might put the planets in motion in rectilinear directions; but, to 
produce a circular motion about the sun, an independent and 
transverse force is necessary, to which the quantity of matter in 
the revolving body must be duly adjusted. 

It is much to be regretted that Newton omitted to exhibit the 
results of his researches in formulae, and that he chose to de- 
monstrate his propositions in the manner of the ancient geome- 
tricians rather than use the analytic metliod to which he had, 
then, recently made so important an addition by the discovery 
of the infinitesimal calculus. This has thrown a certain degree 
of obscurity over his reasonings and as, in a few instances, 
where the common geometry failed, he has permitted himself to 
depart from that practice, there has arisen a want of unity in 
his investigations, which detracts materially from the merit of 
bis work, in every other respect so truly admirable. It is pos- 
sible that, since the powers of the fluxionaiy or differential 
metliods were, then, far from being completely unfolded ; and 
since cavils were, then, often raised against Hs logical propriety, 
Newton might, on those accounts, have been induced to prefer 
the ancient processes in his researches, and avoid, as much as 
possible, the introduction of an analysis which had not the ad- 
vantage of being sanctioned by general approbation ; and which 
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was Bot, ereii, generallj understood. Since the time of our 

great philosopher, this analysis, the discoyery of which forms 

one of iiis titles to immortal &.me, and which h^ received so 
« 

many important accessions &om the labours of title mathema- 
ticians of die continent, has been extensively applied to the 
subjects he had partially investigated ; and, by its^owerful aid, 
general solutions have been obtained, wlucb, being found in 
every case to accord with the results of observation, establish 
the justness of the hypothesis from which they were derived, and 
determine the Newtonian theory to be the immoveable basis of 
physical astronomy. 
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CHAPTER XXI. 

IM»BOVEMENT8 IN PRACTICAL ASTRONOMY. 

Imperfection of the ancient astronomical instruments. — Methods of finding 
the direction of the meridian, and the latitude of an observatory.'-- Employ- 
ment of pendulum docks in astronomical observations. — Application of the 
micrometer to telescopes. — Transit instruments used in observatories. — 
Manner of determining the times of the equinoxes and solstices and the 
places of stars. — Discovery of the transmission of light, in time, through 
space. — Attempts to find the parallaxes of fixed stars. — Di8Cf>very of the 
aberration of the stars. — Discovery of the lunar nutation. —The law of 
astronomical refraction determined. — The parallaxes of the moon and 
Mars found by observation.— The use of the observed transits of Venus 
in finding the sun's parallax. — Invention of the achromatic telescope. — Im- 
provements in the instruments used for nautical observations. — The lunar 
tables improved by Mayer.— The employment of chronometers for finding 
terrestrial longitudes. 

The present advanced state of astronomical science being due 
as much to the improvements made in the instruments employed 
for obsen^ation as to those in the analysis by which the cclCsStial 
movements are inve.stigated, it will be proper, here, briefly to re- 
capitulate what has been said concerning the ancient instru- 
ments, and shew the nature of those by which tlicy have been 
superseded. 

The oldest observations were made, as we have stated, with 
the gnomon ; by this instrument the days of the equinoxes and 
solstices were observed, and, the direction of the meridian being 
traced, the time of the sun’s arrival in the plane of tliat circle, 
his meridional altitude and declination were, also, ascertained ; 
its simplicity, and the opinion that, by making it of great height, 
proportional accuracy in the obser^^ations would be acquired, 
have been the causes that its use was prolonged almost to our 
own times : the last instrument of the kind is that which was 
formed, in 1575, by Ignatius Dante in the church of St. Petro- 
xiius, at Bologna, and consisted of a meridional line traced on 
the pavement, with an aperture in the wall through which the 
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rays aif theVsun were transmitiod ; we have related that, in 1668, 
GaSsini restored this line, which, becoming again deranged by 
the sirlking of the pavement, was finally retraced by Zanotti in 
t^e year 1776. 

But the gnomon was never capable of being employed to ob- 
tain Jhc differences of longitude, or of right ascension or, in fact, 
to obtain any angular distances between celestial bodies, when 
they were not on the meridian : we have mentioned the equa- 
torial armillae, the quadrants and parallactic instruments which, 
instead of it, were used for those purposes by the ancients, and 
it is worthy of remark that, if we omit those which were adjusted 
to coincide with the plane of the ecliptic, which have been long 
since laid aside, the others are still retained, but in improved 
fomis, in the modem observatories : our mural quadrants and 
circles, and zenith sectors still serve, like the meridional armillm 
of the ancients, to find the polar distances of celestial bodies ; 
and, our equatorial iustraifients are used to obtain the right as- 
censions and declinations of such as cannot be obsen^ed on the 
meridian. 

Tlieopcratiops of practical astronomy require that the direction 
of the terrestrial meridian should be accurately determined ; its 
trace on the ground was, no doubt, at first, obtained by mai'king 
the extremities of the shadow cast by a gnomon, when they fell 
on the circumference of a circle described about the foot of the 
gnomon as a centre ; but it is probable, also, that very anciently 
the practice had been adopte<l, of observing the times when the 
sun had equal altitudes before and after noon; these being 
found, and half tlie interval, corrected on account of the change 
produced in tine sun’s horaiy angle by the change in his decli- 
nation, being added to the time of the first observation ; there 
was obtained the time of the sun’s arrival on the meridian. The 
middle of the azimuthal angle between the two places of the sun, 
similarly corrected, fixed the position of the meridian itself : but 
we now correct the position thus obtained by methods which 
will be presently mentioned. The planes of our mural instm- 
ments are made to coincide with that of the meridian ; and the 
zenith distances of celestial bodies being observed when they 
arrive in Ibis plane, tlieir declinations are immediately found, ihe 
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Istitnde of the place being supposerl to be known. The meri^ 
dional altitudes of the sun on the days of the solstices wera^long 
employed for finding this last element, but Tycho Brah^ seems 
to have been the first astronomer who determined it by tlie 
altitudes of a circumpolar star, taken at times when it was on 
the meridian above and below the pole. 

But the circumstance which principally distinguishes the 
modem, from the ancient practice of astronomy is the frequent 
use made of instruments for measuring time ; these, by the ap- 
plication of tlie pendulum, having been, in a recent age, rendered 
capable of marking its subdivisions with very great accuracy. 
The first notice we have concerning the employment of a pen- 
dulum to ascertain small portions of time is in an account of the 
mctliod by which Mouton, of Lyons, attempted to^measure the 
diameter of the sun ; this consisted in counting the number of 
vibrations perforaied while the disc of the luminaiy was pass- 
ing over a vertical line situated in the plane of the meridian; 
the arc of the equator described by the sun, in the time of a 
given number of vibrations, being detemined by computing the 
angle at the pole conosponding to that between the vertical 
planes passing Uirough two plumb lines situated near the meri- 
dian, at some distance from the eye, and counting the number 
of vibrations performed while either limb of the sun, on the day 
of the equinox, was moving from one line to the other. Vinde- 
linus, Kircfaer and Kicciolus had also made use of pendulums 
for ascertaining the duration of phenomena ; but Huygens was 
the first to determine what should be their length, that each vi- 
bration might be performed in one second of time : in order to 
mark tlie number of vibrations made in a given time, he con- 
ceived the idea of applying palettes to the upper extremity of 
the pendulum and causing them to catch in the teeth of a wheel 
which w'as connected with the machinery of a clock, the move- 
ment of whose index would shew the time, as well as the num- 
bei' of vibrations. We have said that, in the hope of rendering 
the vibrations isochronous, in great and* small arcs, he endea- 
voured to procure a cycloidal movement in the pendulum, 
agreeably to the idea of Galileo, but this having been, since, 
found practically impossible, Uie effort was abandoned, and the 
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error arising from the want of that isochronism is rendered in- 
sensible by causing the vibrations to be of small extent, on each 
side oMhe vertical line passing through the point of suspension. 
The expansion and contraction of pendulum rods by changes in 
tlie temperature of the air were, at first, the causes of much 
irregularity in the times of vibration ; but these errors are, now, 
very nearly corrected by forming the rod with metals possess- 
ing different degrees of expansibility by heat^ and applied in 
such a way that the variations of length take place in contraiy 
directions. 

The invention of telescopes was almost immediately followed 
by their a})plication to the mural quadrants employed in ob- 
servatories, where they superseded the plain sights with which 
those instmments had been before furnished : and an important 
improvement in the practice of observing was, shortly after- 
wards, made, by adapting to the eye-picces of telescopes an 
iustriunent for measuring very small angles. The invention of 
the micrometer, as the instniracnt was called, is usually ascribed 
to Huygens, but the priority of claim to this honour is disputed 
between Gascoigne, in England, and Huygens, Auzout, Picard 
and Roberval, in France ; and, probably, all these astronomers 
contiibuted to bring it to «. coiwenient form ; it appears that the 
French mathematicians did not use it before the year 1667, and 
there is evidence that it had been employed in England in 1640, 
In the original construction, and the instruments are still often 
made on the same principle, there were placed across the eye- 
piece of the telescope a fixed wire, and another which was made 
to move parallel to it by means of a screw ; and thus the two 
wires could be made to embrace the visible disc of the sun, 
moon or a planet, or tlie distance between the moon and a star, 
at the time of an appuls^ the values of the angular diameters, or 
the small distances of the celestial bodies, being given by a scale 
whose index moved with Uie wires. 

In tlic year 1644, Roomer, a Danish astronomer, introduced 
the method which has ever since prevailed, of observing tlie 
right ascensions of celestial bodies, directly, by means of what is 
called a transit instrument ; that is, a telescope attacbied to a 
horizontal axis, perpemdicular to its length, and 'moveabl^ 
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tmly in the plane of the meridian ; by which the times of the 
transits, or passages of those bodies over the meridian, can be 
observed. ' The instrument is accompanied by a pendulum 
clock, whose index is set to tlie commencement of the hours on 
the dial-plate at the moment when the vernal equinox is on the 
meridian of the place ; and the observation of the time at which 
the centre of any celestial body coincides with tlie meridional 
wire, in the axis of the telescope, shews the angular distance of 
the horary circle passing through the body, from the equinoctial 
colure, by the time elapsed since Uie vernal equinox was on the 
meridian; and, as one hour of sidereal time con'esponds to 15 
degrees on the equator, it is evident that, allowance being made 
for the error of the clock, the right ascension of the celestial 
body is immediately knouTi. The direction of the meridian 
may have been determine in the manner above mentioned, but 
the use of the transit telescope requires that it should be ascer- 
tained with extreme accuracy, and several methods are em- 
ployed for finding tlie error, in the position of the telescope, 
with respect to the meridian ; one of these consists in obseiTJiig, 
with the telescope itself, the transits of a circumpolar star boUi 
above and below the pole ; and, as the interval between the two 
transits will be exactly twelve hours of sidereal time, w^hen tlie 
star is, in both situations, on the plane of the meridian ; the 
excess or defect, if any should be observed, w411 afford the 
means of computing the deviation of the instniment from that 
plane ; a second method, but which is more dependent on a 
previous knowledge of the star’s place, consists in comparing the 
difference between the times of the observed transits of two stars, 
which pass the meridian, respectively, near the zenith and near 
tlie horizon, with the computed difference of the true right 
ascensions of the same stars ; for these differences will be iden- 
tical when the telescope moves in the plane of the true me- 
ridian. 

The time of the arrival of the vernal equinox on the meridian 
is known when the absolute right ascension of any one star is 
given ; for, by setting the index of the sidereal clock, when the 
star the meridian, to the hour which expresses that right 
ascension* the arrival of tlie index at tli^e commencement of Uio 
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hours will be simultaneous with that of the equinoctial point, in 
the plane of the meridian : it is necessary, therefore, to ascertain 
the time at which the sun will be in the equinox, and the dif* 
fereuce between the right ascensions of the sun and star at that 
moment. Now, by means of telescopes, the principal fixed 
stars and some of the planets can be seen in the day time, even 
when they arrive on the meridian nearly at the same time as 
the sun ; astronomers are, therefore, at once, enabled to obtain 
the positions of many stars with respect to the sun by direct 
obsen^ation ; and, from these, the positions of all the other stars 
may, consequently, be determined : thus the intervention of the 
moon or Venus, which was formerly requisite in fixing the 
longitude or right ascension of any star, and which was, at best* 
an unccilain process, is entirely superseded ; it only remains, 
therefore, to shew in what manner the distance of the sun from 
the equinoctial point is now ascertained. 

For this pur]>ose, and Flamstead was the first to put the method 
in practice, the meridional altitudes of the sun are, daily, taken, 
for a few days before and after that of the equinox; from whence 
are determined his corresponding distances from tlie equator, 
and his daily or hourly motion in declination. On the same^ 
days, the difierences in right ascension, of the sun and of a star 
which arrives on the meridian nearly at the same time, are also 
to be obseiTed by the transit instrument, and the daily or hourly 
motion of the sun in right ascension, thence, computed; tlie 
place of the star being supposed to be fixed in the heavens, or 
the changes to which it is subject being estimated from the 
existing tables. Then, as, during short portions of time, the 
sun’s movements in right ascension and declination may be con- 
sidered uniform, we shall have, by proportion, the distance of 
the sun from tlie equinoctial point at the time corresponding 
to that of any of the observed declinations ; or, if the obliq»^'' / - 
of the ecliptic be taken from the existing tables we can, Fbm 
the daily declinations, compute by spherical trigonometry, the 
like distances of the sun from the equinox: the daily move- 
ments of the sun in right ascension will give the time of his ar- 
rival at Uie equinox, and the daily difference of the and 
star’s right ascensions determine, for each day, the distance of 
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the star from that point; and a mean, both of the times and dis- 
tances, for all the observations, will give the moment of the 
sun’s arrival in the jdane of the equator, and the place of the 
equinox, by its distance from the star, with great correctness. In 
a similar manner, the moment of the sun’s arrival at either sol- 
stice, and the obliquity of the ecliptic to the equator, can be 
computed. 

The right ascension and declination of a celestial body are the 
two essential elements for fixing the position of the body in the 
heavens ; and from them, the longitudes and latitudes xnBj be 
deduced by computation, after correction for the various causes 
of error to which all observations are subject : the method of ob- 
serving by the transit telescope and mural instrument is, un- 
doubtedly, that which is most easily practised and is, at the 
same time, the most accurate, since the verifications of the in- 
struments can be made witli the greatest certainty ; on tliese ac- 
counts it is now universally adopted in fixed obseiv^atories. 

A knowledge of the causes of the eiTors affecting the appa- 
rent places of celestial bodies was unfolded in proportion as 
instniments were rendered capable of giving those places with 
precision : and repeated obsen ations afforded the means of in- 
vestigating forraulne by which the errors migjit be coinj)uted 
and reduced to tables, for the convenience of readily taking 
out the corrections necessary to obtain llie true j daces, from 
those which were given, directly, by the instruments. It had 
been suspected by Galileo that light does not pass instan- 
taneously from the celestial bodies to the earth; but, in 1675, 
M. Roemer, whom we have before mentioned, found, from the 
observed times of the immersions and emersions of Jupiter’s 
satellites compared with the times given by calculation from Uie 
laws of their movetnents, that the phenomena were accelerated 
or retarded by some cause which seemed to depend upon the 
variations in the distance of Jupiter from the earUi; and this 
circumstance led him to conceive that the differences might 
arise from the unequal times in which light is transmitted from 
that planet to the eye of the observer ; comparing, therefore, 
those diSerences with the corresponding distances of Jupiter, he 
calculaied tliat a particle of light would pass through a space 
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equal to the diameter of the earths orbit in about 11 mkmtes; 
subsequent .comparisons of the obserred and calculated times 
of other phenomena have proved the justice of the opinion^ but 
it is now found that 8"' 7". 6 are required for the passage of light 
from the sun to the earth ; and the velocity of light, hence de- 
termined, enters into the reduction of all observations relating 
to the planetary phenomena. 

Tlie annual parallaxes of the planets, or the differences be- 
tween the places they appear to occupy in the heavens when 

* 

seen from the earth, and those to which they would be referred 
if seen from the sun, had long been known ; and it was natural 
that efforts should be made to ascertain wheilier any such 
change of place was discoverable in the fixed stars : these efforts 
have not indeed, to the present day, been successful*; but, as 
those who dig for hidden treasures, if they do not find the im- 
mediate 'object of their search, at least derive benefit from the 
increased fertility they induce in the soil, so the observations in- 
stituted to find the parallax of the stars were productive* of two 
important discoveries of anoUier kind. Between the years 1660 
and 1670 Picard had found, from many observations, that the 
star at the extremity of Ursa Minor, though it continually ap- 
proached the pole by about 20 seconds annually, in consequence of 
the general precession of the equinoxes, yet suffered other changes 
in its distance from tlieuce, being, in spring and autiunii, further 
from ilie pole by several seconds than, according to the law of 
the precession, it ought to be ; at tlie end of the year he found 
these variations compensated and, in the next, they re-occurred 
in4he same order as before. Similar variations of place w^ere 
observed by Hook and Flamstead in several other stars, but it 
was presently perceived that these took place in dfrections con- 
- trary to those of tlie variations which w^ould have resulted from 
the effects of parallax, and no solution could then be found, of 
the phenomena. 

At length, in 1725, Molyneux and Bradley commenced a 
series of obsen^ations, with a zenith sector whose radius was 
24 feet, on the star* y Draconis, which, passing the meridian 
nearly in the zenith of Kew, the place of observatioii; was, 
therefore, but little affected by refraction, the irregularities of 
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which might have been 8up|>osed to be wboUy or partly, the 
cause of the variations observed in the star’s place. ’The de- 
tails of these obsen'ations are contained in the Philosophical 
Transactions for 1728 ; and fix>m them it appears that the first 
observation was made in November 1725 : the apparent place 
o( the star in dedination being then registered, Dr. Bradley re- 
peated the observations at intervals, and found that the star con- 
stantly deviated towards the south, till, in the month of March, 
following, it was 20 seconds from its former place, and then it 
seemed to have attained its maximum of distance in that direc- 
tion; for, from that time, it returned towards the north, and, 
in the month of June, its declination was nearly the same as 
when it was first observed : in the following three months, it 
deviated northwards from its first place as far as it had before 
deviated southward, and, at the end of a year from the com- 
mencement of the observations, its declination was a^ain the 
same as at first. Similar de^'iations in right ascension were, sub- 
sequently, observed, and thus the star appeared to describe in 
the heavens, a small circle, annually, about its mean place. The 
regularity of tlie phenomena excluded the possibility that they 
could be caused by any errors in the position of the instrument; 
and Bradley, at first, thought they might be produced by that 
solar nutation wliich had been mentioned by Newton, but, on 
calculating its effects, they were found loo small to account 
for the variations actually discovered ; and finally, his investiga- 
tions terminated in the discovery that the apparent variations of 
position were caused by the movement of light combined willi 
that of the earth in its orbit, in a way which may be thus six- 
plaincd. 

If the eailh were at rest, and light from any star were trans- 
mitted instantaneously to the observer, it is evident that, on di- . 
reeling a telescope to the true place of a star, the latter would 
become immediately visible. But, if we suppose the earth to be 
in motion and light to be transmitted, in time, from one part of 
space to another, it would follow that, on directing the telescope 
to the true place of the star, the movement of the telescope, 
would cause a particle of light from thence, in its passage down 
the tube, to strike against the interior surface of the latter ; and. 
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as it could not then enter the ey% o#;tbe' observer, the star would 
be invisible. , If, however, we suppose the telescope to be situ* 
ated jJt a plane passing through the star and a tangent to the 
earth^B orbit; and to be in a certain position between a line 
joining the earth and star and that part of the tangent which 
lies in the direction of the earth’s motion; and, to avoid too 
great complexity, let us leave out the effect of the earth’s rota* 
tion on its axis, by supposing the observations to be made when 
the star arrives on the meridian ; then it may be conceived that 
a particle of light from the star, having arrived at the object 
glass, on continuing its motion from thence towards the earth, 
may, in consequence of the movement imparted to the telescope 
by that of die earth in its orbit, be constantly in the axis of the 
telescope till it arrives at the eye of the observei* ; andf thus the 
pencil of rays falling upon the object glass, along with the above 
mentioned particle, will render the star visible : but the ob- 
server who determines die place of a celestial body by the di- 
rection of his telescope will, of course on that account, assign 
to the star a position which, when the cause of the error is un- 
derstood, will be found to be in advance of its true place ; and 
the deviation of the apparent, from the true place will, evidendy, 
depend upon the proportion between the velocity of light and 
that of the earth. 

As this deviation may be observed every time that the star 
arrives at the meridian of the place of observation, it is clear 
that, during one year, any star will appear to describe a circle, 
or rather an ellipse, in the heavens, parallel, and similar to the 
earth’s orbit; but the apparent magnitude of the ellipse will 
depend on the above mentioned velocities and upon the position 
of the star with respect to the ecliptic ; and, both by observa- 
tion and calculation, it is found that the semi-axis major, when 
a maximum ; that is when the star is in the pole of the ecliptic, 
subtends at the earth an angle of about 20^ seconds ; and this 
is die greatest difference, on account of the aberration, as it is 
called, of light, between the apparent and true places of a star. 
Hitherto we have been able to give no dii^t evidence of d»e 
movement of the earth, but this phenomenon being capable id 
an accurate explanation by supposing that movement, we afe 
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bounds from thence^ to con^der the fact of the earth’s motion as 
<;omplctcly established. 

But Dr. Bradley continuing his observations on y Draconis 
and other stars, in order to verify his theory of aberration, was 
so fortunate as to discover a new variation of their motion, which 
he found to depend on tlie place of the moon’s node : for, from 
the year 1727 to 1736 he perceived that tliose stars, when near 
the coluros, constantly approached the pole ; the greatest dif- 
ference between the observed places and those which would 
result from the general precession being about 9 or 10 seconds. 
The observ'ations were afterguards continued till 1745, and, 
duiing the latter inten^al, the same stars appeared to recede from 
the pole by the same degrees as tliey approached it, and to an 
equal extent. Corresponding inequalities being ob^en ed in the 
right ascensions of the stars, Dr. Bradley found that tlic phe- 
nomenon might be represented by supposing the pole of the 
earth to make a revolution in the heavens about its mean place 
in the circle of precession, to which it retunicd at inten als of 
eighteen years, lie, at first, thought Uic revolution was per- 
formed in a small circle, but more accurate observations shewed 
that the pole described an ellipse M^hose axes were equal to 
19 seconds and 14 seconds, respectively. 

This inequality was immediately perceived by Bradley, (and 
that astronomer published an account of his theory in the Phi- 
losophical Transactions of 174b,) to be caused by the action of 
the sun and moon, and, it may be added, of the planets, on the 
equatorial regions of the earth. The effect above described is, 
evidently, only that part of the whole variation, which depends 
on the attraction exercised by the moon, since its restitution 
takes place in the period of a revolution of her nodes, by which 
she is repeatedly brought to tlie same situation with respect to 
the earth’s equator ; and it is evident that the variations of her 
attractive force must, necessarily, produce corresponding oscilla- 
tions in the position of the equator, altematel/ increasing and 
diminishing its obliquity to the ecliptic, and causing the equi« 
noctial points to advance and retrograde, within small limits, 
about the points to which they would arrive in consequence of 
the general precession. The apparent oscillatory movement of 
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the pole of the earth, in declinatioti, is the cause that the 
phenomenon received the expressive name of nutation ; and the 
part oi^ it which depends upon the attraction of the sun on the 
equator was, afterwards, distinguished from that which is de- 
pendent on the moon, but its amount is small and its restitution 
takes place yearly.* 

The discovery of aberration and nutation entirely delivered 
the fixed stars from the errors to which the observations made 
on them were, previously, subject, except such as depend on 
the proper movements of the stars themselves : these are for- 
tunately very small, but, to reduce the cause of them to a 
system, will probably require the assiduous attention of astrono- 
mers for many ages to come. 

The ancient philosophers, in their physical theories of astro- 
nomical refraction, seem to have supposed the atmosphere to be 
of uniform density ; and Jhough some notice is found, in the 
works of Alhazen, of the augmentation produced in the density 
of the air near the earth by the pressure of that above, yet it 
does not appear that any enquiry was made concerning the 
nature of the path described by a particle of light, in the atmo- 
sphere, till the seventeenth century; when the successive 
refractions in the different strata through which the light passed 
were supposed to cause each particle to move in the periphery 
of a conic section. Astronomers, how^ever, at present, consider 
a particle of light, on entering each of the different strata, into 
w hich they imagine the atmosphere to be divided, from the 
surface of tlie earth upward, to be attracted from its previous 
course by a force proportional to the density of the stratum ; 
and their conclusion is that the whole refraction, which had 
formerly been supposed proportional to the tangent of the zenith 
distance of the celestial body, simply, is proportional to that 
term lessened by about three times the value of the refraction 
itself. 

Tbe different temperatures of the air in different climates of 
the earth, which must necessarily produce corresponding varia- 
tiens in the density of the lower strata of the atmosphere, 
natura&y induced an opinion that the value of the horizoirtiil 
refraction was different, in different regions ; and this seemed tb 

H H 2 



470 


IHPBOVBlffiKTS IN 


[chap. 


payable from the errors of the observations : but it had beeiiy 
previously, proposed to ascertain the diumal parallaa of the sun 
indirectlj, from the transits, which occasionally ojccur,^ of the 
two inferior planets over that luminary ; and Venus, being that 
which, at her inferior conjunction, is the nearest to the earth, 
was particularly proposed as the most, convenient for this inok 
portant purpose. 

The transits of Mercury frequently occur ; the first of which 
any account has been given was observed by Gassendi in 1631; 
and it is due to the memory of Shakerlaus to record that, from 
his attachment to astronomy, he made a voyage, in 1651, to 
Surat purposely to see one tliere, which was invisible in Eu- 
rope, and that he lost his life in Persia on his return. Dr. 
Halley, in his voyage to make observations in the southern he- 
misphere, also obtained, at St. Helena, a complete view of the 
transit of Mercury in 1677 ; and it was while employed in this 
service that he proposed the two transits which were to occur 
in 1761 and 1769, to be observed, for the purpose of ascertain- 
ing the sun’s parallax and his distance from the earth ; both of 
which elements would thereby, he expected, be determined ex- 
tremely near the truth. 

We have mentioned the transit of Venus observed by Horrox 
and Crabtree, in 1639 ; but the circumstances attending the ob- 
servation were too unfavourable to allow the computations 
founded on it to be entirely depended on ; the transit of 1761, 
though diligently observed in various parts of the world, also 
failed from the want of harmony between tlie several results ob- 
tained from it, but that of 1769 was more fortunate ; since the 
observations, when reduced, gave, for the sun’s parallax, values 
between the limits of 8". 5 and 8". 8 ; which, however, do not 
differ much from that obtained by Mr. Short, from his observa- 
tions of 1761 The last of the two limits, which was deter- 
mined by Dr. Maskelyne, is by Delambre considered rather too 
great, but it is admitted that the error is probably less than a 
quarter of a second. 

The data to be obtained from tlie observations of the transit 
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over the mn% disc were the times of the imm^don and emet* 
sion of the :|>laEnet ; but these were to be observed at two or 
more {daces on the earth's surface, where the duration of the 
transit would be the most lengthened and the most shortened, 
respectively, by the effects of parallos: ; and, that these con£* 
tions might be fulfilled, places chosen were., besides the sites 
of the principal observatories in England and on the continent, 
Lapland and Kamtchatka, in the north ; St. Helena, the Cape 
of Good Hope and the Society's Islands, in the south, and 
India, near tlic equator ; and to these, astronomers were sent 
by the different sovereigns of Europe, who honourably joined 
in patronising a woiit which was justly considered as of high 
iinpoilance to the interests of science. 

To give a brief indication of the nature of the problem for 
finding the sim's paa*allax firom the transit of Venus, we may 
state that, if the contact of the planet with the exterior or in- 
terior edge of the sun’s disc were observed, the sum or differ- 
ence of the semi-diameters of the sun and planet, taken from 
the tables, might be considered as the hypotenuse of a right 
angled plane triangle whose two sides are, respectively, the dif- 
ference of longitude and difference of latitude of those celestial 
bodies, (these differences being first computed from tables, for 
the time of observation, as if seen from tlic centre of tlic earth, 
and reduced to th# values they should have w’^hen seen from the 
surface by applying the algebraic expressions for the unknown 
difference between the parallaxes,) then, making the sum of the 
squares of these sides equal to the square of the hypotenuse, tlie 
equation thence resulting will serve to determine the said differ- 
ence of the parallaxes. But, the relative distances of the sun 
and Venus from the earth being already known, the ratio of 
their parallaxes is known; since the parallaxes are inversely 
proportional to the distances ; and the separate values of two 
quantities can be found when we know their differences and the 
ratio between them ; thus the parallaxes of both the sun and 
Venus were obtained. The computed longitudes, latitudes and 
semi-diameters of the two bodies being, however, affected by 
the unknown errors of the tables as w^ell as by the parallaxes ; 
it became necessary that several observations should be made in 
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aidmr that there might be^dbtained a sufficient nuiub^ of equa- 
tions to determine all the unknown quantitiesi^t and, £*oin Uie 
above named value of the sun's parallax, 8". 8, the distiu^ce of 
the sun from the earth is found to be^ equal to JIS485 sraii-dia- 
meters of the latter. 

The eighteenth centmy k become celebrated, also, for the im- 
provements made in telescopes and in the instruments employed 
for the purposes of nautical astronomy. 'JThe field of view, in 
the telescopes which had been in use before the middle of the 
century, was unavoidably small, and the illumination of the 
object consequently feeble, on account of the apparent distortion 
of the image, and the coloured fringes with which it was sur- 
rounded, when the aperture of the instrument was extensive 
enough to allow the admission of as much light as would render 
the object sufficiently brilliant ; but, in 1757, Mr. Dollond, 
guided by the theories of Euler and Clairaut and by his oi^m 
experiments on lenses formed of glass possessing ditferent de- 
gi'ees of refractive power, invented, or at least made public, a 
construction in which the chromatic aberration, as it was 
called, was almost wholly removed, and the spherical aberration 
materially diminished. These ends were gained by forming a 
compound object glass consisting of a convex and concave lens 
having different degrees of dispersive power with respect to rays 
of the different colours, these being separated from each other 
in their passage through the glasses, whose surfaces act upon 
the light like those of a prism : in such compound lens, by a 
proper adaptation of the focal lengths of the two glasses, the 
rays of the different colours could be made to unite nearly in 
the place where the image is formed ; and thus the latter was 
rendered sufficiently free from the colours with which, in the old 
construction, it was embarrassed. By a just adaptation of the 
curvature of the surfaces of the object glasses, and by dividing 
the whole refraction of the light coming from the image in 
the focus, among the four different eye-glasses of the telescope, 
the distortion of tlie image was ali^, nearly, corrected : and thus 
greater magnifying power and perfection of vision was ob- 
tained. 

From that time scai'cely any improvement can be said to have 



PlUCTIC4^AilTIt^^^WY. • i7j| 

been olade in what are caOed^ tom t^^abaence of the prismatic 
colours, achromatic telescopes ; but the telei^opes formed with 
metallic specula have undergone several i^anges, and the instru- 
ments of this kind, constmcted by the late Sir William Herpehell, 
far exceeding in magnifying power any of those formed wholly 
with glass lenses, have ^contributed materially to increase our 
knowledge of the constitution of the heavenly bodies. 

In 1731, Mn Hadley, the ingenious contemporary of Bradley 
and Molyucux, pursuing a principle which had been proposed 
by Newton, brought to a stale of great perfection the reflecting 
octant and sextant, by which the altitudes of the sun, moon 
and stars, and the angular distances between them have ever 
since been measured for the purpose of obtaining, by celestial 
obsen^ations, the latitude and longitude of a sliip at sda, or of a 
place on land, M’here the instruments employed in regular ob- 
servatories are not to be had. A considerable change, however, 
has since taken place in instruments of this nature by making 
them com^iletcly circular, and capable of measuring the angle 
between tlie objects many times successively, in consequence of 
wliich the greatest correctness may be obtained. Mayer, of 
Gottingen, in 1758, first constructed such repeating circles, as 
they were called, and they have since been much improved; but 
that kind which possesses the highest character for accuracy 
was made publi^jby tlie chevalier Borda, in 1789. 

It appears from a report made by Newton, in 1714, to a com- 
mittee of the House of Commons, on a method proposed by 
Whiston for finding the longitude of a ship at sea by the place 
of the moon, tliat the theory of the latter was not, then, accurate 
enough to determine that element within less than two or three 
degrees of the truth : but, in proportion as improvements were 
made in the instruments of observation, the inequalities of the 
moon’s motions were more correctly determined ; and Mayer, 
who had diligently applied himself to this branch of astronomy, 
succeeded in constructing a set of lunar tables from wliich the 
distance between the sun, or a star, and the moon, could be 
computed for any given time with sufficient correctness to be- 
come capable, by comparison with tlie observed distance, of 
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serving in the deiehnination of tbe great problem of tenestiial 
Icmgitude. These, and a set of improved solar tables, were p«tb«- 
lished by Mayer in 1770 ; he di^ not, however, live to e^oy all 
the fruits of his labours, but his widow received from the Bri- 
tish government the reward which it had previously offered to 
any one who should bring the tables to the required degree of 
accuracy. Since this period, therefore, the distances between 
the moon and sun, and between the moon and certain fixed 
stars have been computed for every three hours in each day, as 
they would appear at the places of some of the principal obser- 
vatories in Europe, and are published in the Astronomical 
Ephemerides for years in advance ; so that, by comparing them 
with Uie distances actually observed in other places, the difler- 
ence between the coiresponding time given in Uic Ephemeris 
and that found at the place of observation, which ex])rcsses the 
difference in the longitudes of the two j)laces, is inmiediatoly 
found. This is not all the advantage derived from the publica- 
tion of these Ephemerides ; in them are also given, besides many 
other articles of great value to the practical astronomer, Uie times 
of the immersions and emersions of Jupiter’s satellites, by 
which a scientific traveller, on land, (for the method is not prac- 
ticable at sea on account of the motion of the ship,) obsemng 
the same phenomena in a telescope of sufficient magnifying 
power, can, also, determine his longitude by^ comparison of 
the time found at the place of obsen^ation with that given in the 
Ephemeris. 

But, to these means of facilitating the solution of that useful 
problem, must be added the perfection attained in the construc- 
tions of instruments for measuring time. In 17(54, Harrison 
completed a chronometer which, having been taken across the 
Atlantic, and being found on its return to have deviated from 
the true time only 54 seconds, in an intcn al of 156 days, was 
considered as having fulfilled the conditions required to entitle 
the maker to the reward offered by government for a machine 
capable of keeping time with sufficient accuracy tef serve for 
finding the longitude at sea; the promised sum, [£10,000,] 
was, consequently, paid to the ingenious mechanic, and the 
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uft6 of chroDometerg, for that purpose, by nautical men^ 
during long* voyages, has ever tince been general* A seaman, 
therefi^, previously to his departure from the British shores, 
has only to set the index of the machine to the actual in- 
stant of mean time on the meridian of the Greenwich ob- 
servatory; and, in any port of the world, however remote 
from thence, if he find his time by celestial observations, his 
distance, in longitude, firom that meridian, will , be expressed 
at once by the difference between the time thus ^und and 
that shewn by the chronometer. 
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CHAPTER XXII. 

OPEIIATIONS FOR DETERMINING THE FIGURE OF THE EARTH. 


An arc of the terrestrial meridian measured in France by Picard and Cas- 
sini.— The terrestrial spheroid supposed at first to be prolate.— Proof of the 
diminution of gravity in the equatorial regions. — Arcs of the meridian 
measured iii Liapland and Peru. — The figure of the earth proved to he 
oblate.— Trigonometrical operations in England.— Arcs of the meridian 
measured in various parts of the world. — Great geodetical operations in 
France and Spain.— Experiments of Captain Sabine on the lengths of pendu- 
lums.— Ratio of the earth's equatorial and polar diameters. — Effects of local 
attractions in geodetical and astronomical observations. 


In the time of Newton the question of the dimensions and 
figure of the earth particularly engaged the attention of matlie- 
maticians, and several efforts were made to detennine both, by 
ascertaining, and comparing togctlier, the lengths of certain por- 
tions of Uie terrestiial meridian. The attempts of the ancient 
Greeks and Arabians to acquire a knowledge of the cartli's mag- 
nitude have been already mentioned, and we may observe that 
similar attempts had, just before the time of which we are speak- 
ing, been made by Ricciolus, Femel, and Snellius, on the con- 
tinent, and by Norw^ood in England ; hut from their labours no 
satisfactory conclusion could be obtained, on account of the inac- 
curacy of their itinerary measurements. At length, about the 
year 1670, the French Academy of Sciences engaged Picard to 
determine the distance, in the direction of the meridian, from 
Malvoisine to Amiens, by means of a measured base line, and a 
series of triangles formed between those places. This base was 
made a side of one of the triangles, and the angles of all the 
triangles being taken with instruments, the lengths of the several 
sides were computed ; from which, with the observed azimuths, 
or bearings of the sides from the meridian, the corresponding 
arcs of the meridian were found : finally, comparing the length 
of the whole arc with the difierence, in latitude, between its 
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extremitiesi it was fount) that the length of a degree of the xse* 
ridian, in that district, was 57060 toises. The arc of the uteridian 
measufed by Picard was afterward, by Dominieus Cassini, ex- 
tended from Amiens to Perpignan, towards the south, and by 
Jaques Cassini, in 1713, from Amiens to Dunkirk, northward; 
and the lengths ""of the different defTees of latitude within this 
extent being separately ascertained, it was found that they di- 
minished in going from north to south, a circumstance which indi- 
cated that the polar diameter exceeded, in length, the equatorial 
diameter of the earth, or that our planet had the form of a prolate 
spheroid: this indication appeared, subsequently, to be con- 
firmed by tlie results which Cassini de Thury obtained from the 
measurement of the length of a degree of longitude in the parallel 
to Brest; for -this was found to be shorter by 781 toises than it 
should have been if the earth were a perfect sphere ; and, if such 
had been the fact, it would also have followed that the earth 
was elongated in the direction of its axis. Hence arose, in 
France, a prejudice in favour of this opinion, which was not 
easily removed, and which operated strongly for a time to retard, 
on the continent, the acquiescence in the Newtonian theory of 
gravitation ; because, from the latter, as we have seen, in con- 
sequence of the earth's rotation on its axis, it should have been 
found that the equatorial, is longer tlian the polar diameter, or 
that the earth is an oblate spheroid. While the opinion prevailed 
that the polar diameter was the longest, there were not wanting 
philosophers, like MaLran,in France, who bdieved that they had 
discovered a physical reason for it, though it is now known to have 
had no other foundation than the inaccuracies of the observa- 
tions and admeasurements ; it is, however, but fair, to say that, 
when the error was detected, it was with the utmost candour 
acknowledged, and ample justice was rendered to the sagacity 
of the English philosopher whose theory now, daily, reemed 
additional confirmation from the agreement between the conse« 
quences drawn firom it and the results of operations then con- 
stantly carried on with superior diligence and care. 

A proposal having been made in the French Acadmny to ascer- 
tmn the parallax of Mars, at the time of his opposition to the 
mm, by his distance from a certain fixed star observed at the 
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saaio instant in two places, considerably distant ttom each other, 
the earth ; with a view of computing, from thenee, the value 
of the sun^s parallax and the distances of the planets that 
luminazy ; M. Richter, one of the members, was appointed to 
proceed to Cayenne in order to make there the necessaiy obser- 
vations, simultaneously y0IIRi those which wefeHo be made at 
Paris, and was furnished with a pendulum clock for the purpose 
of obtaining the right ascensions of stars by their transits over 
the meridian: on comparing together the times of the transits of 
particular stars on successive nights, this astronomer was sur- 
prised to find that the pendulum, which had been carefully regu- 
lated according to mean time at Paris, made, in one day, at 
Cayenne, a number of vibrations less by 148 than it made at the 
former place, or that the movement of the clock-was too slow, 
daily, by 2' 28'" ; so that, to cause the pendulum to make the same 
number of vibrations at both places, it was found necessary, at 
Cayenne, to diminish its length by above one tenth of an inch. 
Now, as the effect was too great to be considered as arising from 
the expansion of the rod by heat, or frmn a greater resistance of 
the air in those regions, no other conclusion could be drawn from 
it than that the force of gravity was less near the equator tlian 
in France ; and though, at first, some doubt prevailed concern- 
ing the justness of this conclusion, because it was supposed 
possible that the difference in the time of a vibration might be 
owing to some local cause ; yet when, soon afterward, similar 
results were obtained from observations, made expressly for the 
purpose, in other parts of the world, it was readily admitted 
that the fact, in accordance with the Newtonian theory, amounted 
to a satisfactory demonstration that the equatorial, uras longer 
than the polar diameter of the earth ; in consequence of which; 
terrestrial bodies at the surface of the latter, in the equatorial 
regions, being further from the centre than in France, were less 
powerfully attracted by gravity, and more affected by the centri- 
fugal force arising from the earth’s daily rotation on its axis. 

But the limits of France were, evidently, insufficient to allow 
any conclusive argument concerning the figure of the earth to 
be drawn from the variations in the lengths of the degrees of 
latitude measured in that country alone ; and the tiesira of ob«i 
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taining data from wore extenaiire opeia^ons iaduoed the Fienel| 
Academy to iiepd ^j^ome of distioguiidied men who were then 
asflocia^ with that leiraed body to the torrid and filpd zones 
for the purf^ose of ^soertaining, by their admeasurements^ .with 
more precision, the proportion between the equatorial and polar 
diameters pf the earth ; the length di^a degree measured in one 
of those regibns compared with that of a degree measured in 
the other, necessarily, presenting a much greater difference than 
can exist' between two degrees measured in any one coimtxy. 
In l^S,5]!||f.M/Maupertuis, Clairaut and Lemonnier proceeded to 
I^plaqd apd). the same time, M.M. De la Condamine and Bou- 
giier sailed to Peru to fulfil the objects of their respective missions ; 
the former party was joined by M. Celsius, a Swedish philosopher ; 
and tlie latter, by the Spanish mathematicians Don George Juan 
and Don Antonio di Ulloa; and each party, labouring for its 
own glory qls well as for the interests of science, prosecuted its 
operations with singular zeal and assiduity. That in the north 
encountered, as may be expected, vast difficulties from the 
nature of those frozen regions; a base, however, was measured 
upon the ice of the river Tomeo, the mercuiy in Reaumuris 
thermometer being at 87 degrees below the freezing point, and 
a scries of triangles was extended, from the city of that name, 
to Pello, towards tlie north, including an arc of nearly one 
degree ; and tlie result of the operations was that, in the seventy- 
sixth degree of latitude, the length of a degree on the meiiffian 
is equal to 57438 toiscs. The measured arc of the meridian in 
Peru extended along the valley of the Cordilieres, from Coiches- 
qui, nearly under the equator, to Tarqui towards Uie south ; and 
the difference of latitude between the two extremities of the arc 
was rather greater than 3 degrees : the operations cost the labour 
of eight years, and the length of a degree at the equator was 
found to be equal to 66753 toises [s=60484‘5 English fe- 
thoms]. 

On the return to Paris, of the mathematicians who had been 
ei^aged in these distant and laborious surveys, a comparison 
was made of the results they had obtained; and the earth^s 
compression at the poles was determined from the lengths of 
the degrees of latitude in the several places: considerable 



480 


opiiuTioKs,Fqiit.i^n$j§[i^s6 ’ [chap. 

pSertmeBf -hofirevtt, vrne fotii^'in.^^!3n3||W4:^-'!l^<^^ 
aion* botihe &ct itself was fblljr c^ ^stt a i J !^e -iSegBeie 
etnnpared with that in France gave, for the latio^^r.||£ e^naUv. 
13 ^ to the polar diameter, 304 to 803; the &3i6Bt- 

pared with that in Lapland, gave 211 to 210; whsfejr’.«oepi3iiHg 
to die theory of gravitatloi^* the. earth being supposed 
neouB, it should hare blen as 231 to 230. BuT aijHi4‘'doeSl4 
having been raised about the accuracy of the base-line, measprwl 
ia Lapland, the length of a degree in that countiy "ML 

Swanb^g and Offerbom, re-measured in 1801, the 

site of the former operations but, upon an arc of g|:eate| 
and found to be equal to 57196 toises, [s:6095d'^jS^: English fa- 
thoms,] or about 242 toises leas than it had been before Biftde ; 
and this new measure^ being compared with that of the degree 
in Peru, gave the ratio of 334 to 333 for that of the earth^s dia-^ 
meters. 

% 

In 1783, the government of France, at the recommendation 
of M. Cassini de Thury, proposed to that of England to 
unite the geodetical operations then in progress, in the 
former country, with corresponding operations in this, for the 
purpose of determining witli accuracy the difference of lon- 
gitude between Greenwich and Paris ; and the proposal, being 
accepted, was immediately put in execution, under the direction 
of General Roy who, having measured a base on Hounslow 
Hteth, extended a series of triangles from thence to the coast 
of Kent, where it was connected with the series formed between 
Paris and the opposite shores of France; a detailed account of 
these operations was published in tlie Philosophical Transac- 
tions ; but the plan first adopted by government was, afterward^ 
enlarged, and a complete trigonometrical sun^ey of Great Britain 
was executed chiefly under the direction of General Mudge who^ 
in the course of the proceedings, in the years 1800, 1 and 2, mea- 
sured, between Dunnose in the Isle of Wight and Clifton in 
Yorkshire, an arc of the median including nearly three degrees 
of latitude, from which it was found that the length of a degree, 
in lat 52*’ 5ff is equal to 60766 English fathoms ; and in 
lat. 2' 54"', to 60884 fatboxDS^ Ccdonel Colby was sfobse- 

* Operstioat for s IVigimoiaetrictd Surrey of Englsad by Sf udge sad Dolby. 
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<lU^n% die death of 

^ the Matter direction of this great national 

raderjAitlg^^ ^ t*"- ^ ^ 

; 14 d^,p 9 tt of (he eighteenth, and the beginning of the 

nh^et^entl edMuries form a period celebrated for the geodetical 
o]j[eirif|^U»r^Vbich, nearly at the sanie tHHe, were carried on in dif« 
fereht^p^B of^fhe world ; besides the measurements in Firance 
* an.(i£ngland^ ®era and Lapland,* of which we have spoken, Jth4 
length' 6f a ^di^gree was determined near Rome, by Boscovich and 
Lemaire ; 4n Pennsylvania by Mason and Dixon. In 1751, La 
Cville m^a,^ed one at the Cape of Good Hope ; and, between 
the years WdS and 1810, Major, afterguards Colonel Lambton 
- e^^ecuted a similar operation on the coast of Coromandel. The 
operations in Pennsylvania, on account of the nearly level state of 
that countiy, consisted in simple measurements made actually 
in ^iie direction of the meridian through a great portion of the 
BTC^ which included about 1|- degree of latitude ; the length of the 
degree, its middle point being in 39 degrees north latitude, was 
found to be 60628*5 English fathoms. The degree measured at 
the Cape, in 33^ 18' south latitude, was made equal to 57040 
toises [=60790*4 English fathoms,] and the arc in India, which 
extended between 8’ 9' 38 ' and 14° 6' 19" north latitude, gave 
60490 English fathoms for the length of a degree whose middle 
point was in 10° 34' 49" north latitude; and, on compaiing 
this length with that of the degree determined by Mudge for 
52° 2' 20 " north latitude. Colonel Lambton found the ratio of 
the earth’s axes to be as 329 to 328 *. But the above works are 
eclipsed by the innnense operations carried on in France be- 
tween the years 1791 and 1808; these, which were determined 
u|K>n by the French academy in the midst of the troubles caused 
by the revolution, were undertaken for the double purpose of 
ascertaining the precise length of a degree of latitude in that 
country, and of obtaining the value of a standard for measures 
of length, which should be invariable, by being made to bear a 
certain proportion to the circumference of a meridian of the 
earth. A base was, therefore, measured at Melun, near Paris, and 


* Asiatic Researches, vols. viii., x., and xii. 
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the series of triangles was extended, by H-M- Meeliain and 
Delambre, to Dunkirk and Barcelona: such H:as the accuracy 
of the work that the length of a base of verification, which was 
measured near Perpignan, at 400 miles from tl}^. fii’st base, being 
compared with its computed length, as a side of one of the trir 
angles; the difference wasWbund to he less than one fOot®. The 
length of the degree, determined from that of the’ computed me- 
lidional arc, was 56077‘8 toises, [ = u072i English fathoms,] in 
the latitude of 44^ IT 48 ', and this, eom]»avcd with 4hc length of 
the degree in Peru, gave the ratio of 034 to 333 for that of tlic 
earth’s equatorial and polar diameters M.M. Biot and Arago, 
being joined by two Spanish matliematiciims, subsequently pro- 
longed llic triangulatioii as far as the island Foruientera in 
the Mediterranean ; and, after great difticulty, arising from the 
small light afibrded by the mirrors of the lamp at the distance 
from thence to the coast of Valencia, they succeeded in fixing 
the island as the southoni extremity of the arc*^. M. Biot in 
conjunction with the English mathematicians finally continued 
the triangulation, towards the north, as far as the? island of Uust, 
one of tlie Hebrides which, then, became the limit of the arc in 
tliat direction. The difference of latitude between Dunkirk and 
Forinentera is 12° 22' 13 ' and, fi’oin the length of this portion 
of the ten'estrial mcridiim, its circumference is computed to be 
24855*42 English miles ; one fort}' milliontli part of tliis cir- 
cumference is equal to 39*378300 English inches, which is 
the value of the unitary uieasurc of lengtli now employed in 
France. Commissioners from various countries met in Paris, in 
1798, to decide on the question of the figure of tlie earth from 
the data afforded by such trigonometrical operations as had 
been, then, completed ; and we cordially join with a French 
writer in regretting that i>oliticaI circumstances should have 
prevented tlie country of Newton from being represented in an 
assembly of learned men convoked for the purpose of deli- 
berating on a subject of such importance to all the civilised 
world **. 

* Base du Systenic metrique par Delambre. 

Delambre, Astrononiie Theorique et Pratique, Tom. Ill, 

Notice sur les operations faites en Espagne, par M. Biot. 

* Voiron, Histoire de 1* Astronomie, troiaidme partie. 
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During tlie perfonnaiice of these great works, observations 
were made’ botli in France and England, at several of the 
station?!* determined by the surveys, on the length of the pen- 
dulum vibrating seconds, for the purpose of ascertaining the 
figure of the earth by the intensity of gravity at different points 
on its suriace : and it is pleasing to obser^^e that, in fiirtherauce 
of this useful object, the British Government, afterward, contri- 
buted largely by .appointing Captain Sabine to make similar ob^ 
.servalions at several places beyond the seas : this distinguished 
officer, in 1822, sailed in the Iphigenia to Sierra Leone and the 
island of St. Thomas; fi*om whence he proceeded to Bahia in 
Brazil ; and returned to England by the way of Jamaica and New 
York; and, at all these places, besides experiments relating to 
the intensity of tcnestrial magnetism, he made many observa- 
tions on the number of vibrations performed by a pendulum of 
invariable length in given times. The instrument was of the 
kind recommended by Captain Kater, having its centres of sus- 
pension and oscillation convertible, by ^vluch a very accurate 
measurement of the interval between them could be made, 
and the length of the seconds’ pendulum, consequently, could 
be easily deduced. In the following year. Captain Sabine sailed, 
in the Griper, to Norway, Greenland and Spitzbergen, for the 
like purposes ; and thus, the observations were extended from 
the equator to a point as near as possible to the pole : from a 
careful discussion of all, it was found that the length of the equa- 
torial pendulum vibrating seconds is equal to 39 01568 English 
inches, and that the force of gravity at the pole is, to that at the 
equator, as 1*20213 to I ; from whence the ratio of the equatorial 
to the polar diameter of the earth is shewn to be as 289 ti) 288* : 
and it is worthy of remark that this agrees vety nearly with the 
ratio determined by La Caille from obsen ations of a like nature 
made, between the years 1751 and 1755, at the Cape of Good 
Hope, in the Isle of France, and at Paris. 

The values of the degrees of latitude found at different places 
on the earth’s surface difier from each other more than might be 
expected, considering the great attentions that have been paid, to 


« Account of experiments to determine the figure of the earth, by Edward Sabine. 

1 I 2 
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ascertain and make allowance for every known cause of error. 
In France, the lenj^hs of the degrees were found to go on di- 
minishing from north to south but not in a regular progression ; 
in England, on the contrary, they wore found to diminish from 
south to north ; so that, if the figure of the earth were to be de- 
duced from the degrees in the former of these countries alone, it 
would appear to be oblate ; if, from the degrees in the latter, it 
would appear prolate : but it was never supposed that the figure 
could be ascertained from the lengths of a few degrees con-, 
tiguous to each other and, therefore, this o]>posiiion of results is 
not to be considered as militating against the conclusion drawn 
fi’om a comparison of the degree in Europe with those in India 
and Peru, which decidedly establishes the fact of a compression 
at the poles. Not only, however, do the lengths of degrees 
measured in the northern hemisphere of the earth deviate, within 
certain small limits, from the values they should have on the 
surface of a regular spheroid, but the degrees measured in cor- 
responding latitudes in the opposite hemispheres also disagree ; 
now, two opinions onl^’' can be formed conceniing these discre- 
pancies, and both arc very probably correct ; one is, that the 
form of the earth is neither that of a regular spheroid nor ellip- 
soid, and the other, that local attractions, which it is difficult or 
impossible to estimate accurately, derange the plumb-lines of 
the instruments by which, in order to ascertain the latitudes of 
the stations, the zenith distances. of stars are measured. The 
proportions between the equatorial, and polar diameters of the 
earth are, necessarily, various; w’e have said that the compa- 
rison of the arc measured in France with that in Peru, iii which 
last it should be remarked that the observations of Boiiguer 
were made use of, gives, for that proportion, 334 to 333 ; but 
M. Delambre, taking a mean of the observations of Bouguer 
and La Condamine, afterwards found it to be as 309 to 308. 
We hare said, also, that the length of a degree in India, com- 
pared with that in England, shewed the ratio to be as 329 to 
328 ; but one of the former degrees, being compared with those 
measured in England, France and Sweden, produced, for a mean 
result, the ratio of 318 to 317; and, probably, a mean of the 
ratios above assigned by Delambre and Lambton, which would 
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be as 314 to 313, may be taken as that of the greatest and least 
diameters of a regular spheroid coinciding as nearly as possible 
with lift true figure of the earth. 

M. Bouguer was the first who found, by the changes it w^as 
necessary to make at different places, in the length of the pen- 
dulum vibrating seconds, that the force of gravity diminished 
more rapidly, in proceeding towards the equator, tlian the sphe- 
roidal figure of the earth and the increase of centrifugal force 
gave reason to expect ; and he was led to imagine that the late- 
ral attraction of the mountains, on the pendulum, might be the 
cause of the difference : to ascertain this point, he look the zenith 
distances of certain stars, the instrument being placed on the side 
of Chimborago, and he perceived indications that the plumb-line 
deviated about 7 1 secondrs from the vertical position ; but, as the 
smallness of this quantity rendered its accuracy doubtful, the 
mountain, from its size, seeming likely to cause a greater devia- 
tion, Dr. Mask(;lyne was aj>poiritcd, in 1774, to make a series of 
observations in the neighbourhood of the Sehehallion, a moun- 
tain in Perthshire, with a view of deciding the question: for this 
purpose, with a sector whose radius was 10 feet, he observed the 
latitudes of two places on opi)osite sides of the mountain, and, 
on comparing the difTercuce between them with that determined 
by geodcilical operations, it was found that ihe plumb line had 
really been attracted in contrary directions at the two stations, 
and that each deviation amounted to 6 ".8 \ Besides the result 
thus obtained, Dr. Hutton found that the density of the whole 
earth is to that of Uie mountain as 9 to 5 ; and Professor Play- 
fair, who had determined by direct experiment that the density 
of the latter is to that of water as 2*75 to unity, concluded that 
the mean density of the earth is nearly five times as great as 
that of water ; a result which differs but little from the deter- 
mination of Newton. No doubt, then, can exist that local attrac- 
tions, arising from inequalities on the surface, and the w^ant of 
homogeneity in the mass of the earth, influence materially the 
directions of the plumb-lines by which the zenith of the observer 
is ascertained ; and, consequently, much uncertainty must pre- 
vail concerning the latitudes of the places which mark the limits 
* Dr. Hutton's Tracts, Vol. 11. Tract 26. 
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of the measured arcs of terrestrial meridians. General Mudge 
accounts for the remarkable variations in the lengths of the de- 
grees measured in England by supposing that his plumb-line was 
made to incline towards the north, at all the stations, by attrac- 
tive forces, which augmented in intensity in going from south 
to nortli ; and it is easy to conceive that such attractions may 
be, partly, the cause that the experiments made on the vibrations 
of pendulums in different places, for determining the ratio of Uie 
equatorial, to the polar diameter of the eartli, give results dis- 
agreeing with each other and with those obtained from geodeti- 
cal admeasurements. Fortunately these differences are small in 
value, and it has been with justice observ ed, that our present 
knowledge of the form and dimensions of the earth is quite suf- 
ficient for any of the most delicate operations of astronomy, 
geography, or navigation. 
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CHAFrEll XXIII. 

THE LATEST HISCOVEBIES IN THE HEAVENS. 

IJcrscbeirs remarks on the BOlar spots.-- Opinions concerning the state of the 
moon’s surface. — Discovery of the Geoi^ium t^idus. — And of the four new 
planets. - Notices of some ancient comets. — The orbits of comets suspected 
by Cassini to be curves returning into themselves. — Dr. Halley computes 
the cleinents of a comet s orbit. - Uncertainty of the computations founded 
on the observed places of comets. — The knowledge of the fixed stars is yet 
imperfect.— Changes observed in the ap^^^arances of the stars. — Opinion of 
Sir \V. llerschell concerning their proper motions.— Obsen'^ed movements 
in the double and ninlti]>le stars. — Opinion of Herschell concerning 
tlie iiehnlae. — An idea of Kejder concerning the distributions of the Axed 
stars. — Catalogues of stars. 


Tiys liiglily iinj^rhvod .state of the iiistrniDcnts employed in 
making celestial observations, and the diligence exercised by the 
illustritnis men who, during the eighteenth, and in the beginning 
of the nincteciitli centuries, devoted them.sclvcs to the cultivation 
of .astronomy, while they brought to light many facts relating to 
the constitution of tlie bodies which compose our system, were 
the means of greatly extending, if w^e may so speak, the regions 
subject to the dominion of the sun, and of augmenting the num- 
ber of planets and comets whicli, like vassal princes, ow n the 
infliieiice of his puw'er. The nature of the spots which occa- 
sionally appear on the suii himself were attentively examined 
by Sir W. Herschell, during several years, with the finest telescopes 
in existence, and his observation.s have led him to the conclu- 
sion that they are caused by an elastic gas, which, issuing from 
the solid matter composing the body of the sun, piercing the 
luminous strata surrounding it, and dispersing itself every way 
about the orifice, permits the dark nucleus at the bottom of the 
perforation to become visible to a spectator on the earth, when 
the latter is in the direction in which the perforation has 
been made ; at times, also, Sir William was able to look ob- 
liquely dowm the opening and distinguish by a difference of 
colour, on the side opposite to the eye, the direction of the tJuckf 
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ness of the luhiiuous mass. The elasticity of the gas appears, 
frequently, insufficient to allow the particles to make their way 
through the matter which surrounds the sun, and then il swells 
it into ridges or nodules, appearing more brilliant than the rest 
of the surface ; or, escaping in small quantities, it disturbs the 
upper surface only, causing gentle swellings or shallow indent- 
ations ; the last of which are rather more'^obscure than the other 
parts of the sun, and contain many small dark points, like pores, 
through which some of the ascending gas has passed. 

The objects which diversify the visible disc of the moon have 
not been so minutely distinguished as might be expected from 
the magnifying powers of our telescopes : though the nearest to 
us of all the celestial bodies, she is still too remote to afford any 
indication of the productions of nature on her surface which, to 
judge from its ajipearancc, should be as well fitted for the sup- 
port of vegetable and animal life as the earth itself. Her 
mountains, occasionally, are disjjosed in chains or groups, like the 
Alps and Pyrennees, and rise to the height of five miles, nearly ; 
but, more generally, they assume tlie appearance of annular 
ridges enclosing s^jaccs, from 1800 to ICOOO feet deep, like the 
beds of lak^ or seas, or the craters of volcanoes long since 
extinct: frequently an isolated mountain riscsJrom a plain, with 
portions of rock projecting from its sides, and round its base are 
scattered fragments which seem to ha\ e been separated by time 
from the principal mass. Tlie absence of those variations of 
light and shade which would be produced by clouds floating 
above her surface, and the irregularities of the ground, visible at 
the bottom and on the sides of her cavities, have given reason 
to believe that no atmosphere surroimds her and that she is 
destitute of rivers and seas. Such are the opinions generally 
entertained concerning the moon ; but M. Schroeter, a German 
astronomer, ventures to assert that our satellite is the abode of 
living and intellectual beings : he has perceived some indications 
of an atmosphere which, however, he admits, cannot exceed two 
miles in height, and certain elevations which appear to him to 
be works of art rather than of nature. He considers that a 
uniformity of temperature must be produced on her surface by 
her slow rotation on her axis, by the insedsible change from day 
to night, and the attenuated state of her atmosphere, which is 
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never disturbed by storms ; and that light vapdtirs, rising from 
her valleys, fall in the manner of a gentle and refreshing dew to 
fertilizS her fields *. 

To this astronomer we are indebted for some observations on 
the figure and appearances of Mars, and for a knowledge of the 
times in which Venug^ and Mercury peiform their revolutions 
on their axes; previously to his time, the rotation of Venus had 
been uncertain, and that of Mercury quite unknown ; but, in 
1793, Schroeter discovered both, from tlie recurrence of like ap- 
pearances at the cusps of the. planets when nearly in conjunc- 
tion with the sun. 

In 1781, the attention of Sir William llerschell was first 
attracted to a star, in the constellation Gemini, which appeared 
to be larger and less bright than the rest ; and, continuing to 
obsciTc it during a few nights, he found that its place in the 
heavens gradually change<l : as soon as Uiis circumstance was 
communicated to the learned, the principal astronomers of 
Europe made the' star the subject of their nightly observations, 
and being satisfied that it was really in movement, they applied 
themselves to the consideration of its nature. At first, it was 
generally thought to be a comet, and attempts "Were made to 
compute the figure of its path on this supposition; but M. 
Lexcll, of Si. Vetersbiirgh, discov€‘red that it revolves about the 
sun in an orbit which is circular or nearly so, and that its 
distance from the sun is about twice as great as that of Saturn ; 
and La Lande computed that the period of its revolution is 
about eighty-two years. These determinations being confirmed 
by all subsequent observations, the stai* newly observed was 
acknovtlcdgcd to be a planet and received the name of Uranus, 
of Herschcll, or, in honour of the reigning monarch, of the 
Georgium Sidus ; the last of which, only, has been adopted in 
this country. Within a year from its discovery. La Place, by 
means of several excellentjpbservations, ascertained the ellipticity 
of the orbit, its princi 2 )al elements, and the perturbations to 
which it is subject by the attractions of Jupiter and Saturn; 
and it is worthy of remark that, among these, he found two, pro- 


Voiron, Hist, de rAstronomie. 
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ducing equations of its mean motion, not exceeding two minutes 
and a half of a degree, of which one is accomplished in IK) years, 
and the other in 569 years. This, as Voiron observes**, is an 
astonishing proof of the power of analysis ; by observation alone 
the variations in the movements of the planet could not be as- 
certained till after long periods of time, and in proportion as 
they became sensible to the observer ; but the eye of the ma- 
thematician penetrates into the de})ths of ages to come, and, 
besides foreseeing several other inequalities, it is enabled to 
discover a correction of its mean motion amounting to the smaU 
quantity above mentioned, and comi^ensated, periodically, in 
above five hundred years, 'flic power of Hcrschell’s telescope 
made known, between 1787 and 1794, that the planet was ac- 
companied by six satellites, two of which are remarkable for 
having the planes of their orbits nearly perpendiculiu* to that of 
the planet. On examining the registers of M. Le JMonnier for the 
year 1765, several positions of a newly observed star are there 
found marked, which, from the subsequent determinations of the 
places of the above planet, shewed the star and planet to be the 
same ; and it is evident, therefore, that if the French astronomer 
had taken th# trouble to coiu]>arc togetlier his own observations, 
he would have anticipated Dr. Herschell in the discovery which 
has rendered the latter so justly celebrated. 

From the days of Kepler it had been suspected, on cTCcount 
of tlic disproportion which the intciwal between Mars and Ju- 
piter bears to those between the other planets, that a jdanet 
might exist in that interval ; and this notion w'as thought to be 
verified when, in 1801, M. Piazzi, at l\dermo, observed a small 
star, in Taurus, wdiich was moveable ; the stai' was, afterward, 
lost in the sun’s rays, and was not again discovered till Januaiy 
in 1802, when the fact that it was a planet was fully ascertained. 
To this the name of Ceres was given, and the elements of its 
orbit were presently determined; it,u presented, however, tliis 
peculiarity, that the inclination of its orbit to the ecliptic was far 
greater than that of any other planet, being found to vary fi'om 
1 1 to 18j degrees. But the supposed order of the distances of the 


Ut supra. 
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planets from the sun, which seemed to be established by the dis- 
covery of this last, was soon found to be deranged, for, in 1802, 
Dr. Olbers at Bremen announced the discoveiy of another, which 
he named Pallas ; in 1804 M. Harding, at Lilienthal, discovered 
a third, to which he gave the name of Juno ; and, lastly, in 1807, 
Dr. Olbers had the honour of discovering a fourth, which he 
called Vesta. As all these are found to be of very small magni- 
tude, compared with the other planets, and to describe orbits nearly 
at the same distance from the sun, Dr. Olbers conceived that 
they might be the fragments of some great planet which, for- 
merly, revolved about the sun in an orbit situated nearly in the 
same j)art of space, but which had been destroyed by some in- 
tenuil convulsion. 

The attention of the learned in astronomy will, pro\)ably for 
ages to come, be particularly engaged in enquiries concerning 
the nature and movements of comets ; these being the only 
bodies of our system which have hitlierto in some degree defied 
the powers of modem science, it may be expected tliat they will 
become the objects of many nightly vigils in open air and many 
laborious researches in the closet. .The comets are already 
known to partake, in some measure, of the nature of jilanets, 
but the persevering industry of man will impel him to multiply 
his observ ations, and renew his investigations in every direction 
till he shall have learned how to determine with precision all 
the elements of their orbits and till, fulfilling tlic prediction of 
Seneca in all its extent, he shall have demonstrated that both 
planets and comets are, in every respect, similar parts of the 
system to which the sun is a common centre of light, heat and 
movement. 

The times in which these occasional visitants were considered 
as tokens of tlie Divine displeasure have long since passed 
away; and an intellectual age has justly classed that oi^inion 
with the otlier dreams of an idle and degrading superstition : 
yet, such are the disadvantages attending an imperfect knowledge 
of the phenomena of nature, that, when the comets were found to 
be masses of a material substance, and their paths were per- 
ceived to lie among the planets, the terror they had inspired 
changed its object^ and an ajiprehension arose that some groat 
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catastrophe would befall the earth by an accidental collision 
with one of these wandering bodies. Whiston had ascribed the 
Noachian deluge to a condensation of the watery \apoui« 
forming a comet’s tail, which he supposed to have, when that 
event occurred, enveloped the earth ; and, as there seemed as 
much reason to believe the matter of the tail to be fire, as water, 
it was equally feared that a second deluge or a general confiagra- 
tion might, at a future period, on a like near approach of some 
comet to the earth, involve the human and animal races, and all 
the works of men, in one common destruction. It appears that, 
in 1774, tlie people of Paris w^ere thrown into the greatest alarm 
by a memoir of lia Ijando, in which that astronomer suggests, 
as a bare possibility, that the ])crturbaling forces of the planets 
acting on a comet might, in process of time, so change the form 
and position of its orbit as to bring the nodes into ibe periphery 
of the orbit of the cailb, and thus expose the latter to the elTects 
above supposed : these .apprehensions, how ever, have been long 
since shewai to be groundless ; for the chances arc almost infinite 
against the occurrence of such a position of the nodes, which 
llie continuation of the perturbating forces would immediately 
change ; and, even if so situated, the chances arc equally great 
against the meeting of tlie earth and comet, which could only 
take place j^rccisely at the intersection of their paths ; the pro- 
bability of a direct collision is therefore reduced nearly to 
nothing. It has been ascertained that no one of the known 
comets approaches, in any part of its orbit, near enough to the 
earth, to become cap.able of producing any sensible efiect by its 
attraction on the waters of the sea ; and, that a deluge or con- 
flagration might aiise from the envelopment of the earth in the 
train of a comet is disj>rovcd by the fact that tins accom- 
paniment is constituted of matter in the highest degree of 
attenuation. 

It will be needless to state the notices concerning the appear- 
ances of comets, w^hich occur in tlie writings of the ancients 
and bear the impress of their superstitions; let it suffice to 
observe that Aristotle describes one as being accompanied by a 
splendid train of light- which extended over one-third of the 
visible heavens and at last ceasing to be visible, in the constella- 
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tion Orion*: and that Justin, speaUng of the comet which 
appeared at. the birth of Mithridates says it continued visible 
during^ seventy days and was so bright that all the heavens 
seemed to be on fire ; he adds that its train ispread over one 
quarter of the heavens and was four &ours in rising and setting. 
Nicephoras Gregoras, quoted by Halley in his Synopsis Co- 
melicae, is the first who made any useful observations on these 
bodies, and he has described the apparent route of a comet 
which appeared in 1337 ; but previously to the seventeenth 
centiiry \ve have little information concerning them. Several 
are, however, registered in the Chinese annals : Kegiomontanus 
observed one in 1472, which is said to have had an immense 
train and to have passed through 40 degrees of a great circle in 
one day ; and the movements of those seen by Tycho Brahe and 
Kepler were carefully particularized. 

We have said that the paths of comets were at first thought 
to be right lines ; and w'^hen their ciindlinear fonns were re- 
cognized, before a suspicion was entertmned that these w'andering 
stars might reappear after inten^als of time, it was natural to 
imagine that the orbits were parabolical, a cuiwe of this kind 
being the simplest of those which do not return into themselves. 
Hevelius ap])ears to have been the first who proposed the idea 
of such an orbit, and he ascri])es the motion in that cun^^e to a 
composition of the impulsive force by which the comet w^as 
driven, obliquely as he supposed, from the mass of the sun or 
of some planet, with a tendency to the sun, produced by the 
attraction of the latter. The observations of Cassini on a comet 
which appeared in 1672, and wdiich seemed to describe a route 
similar to tliat of one which had been obst^n^ed by Tycho 
Brahe, in 1577, first induced an opinion that these celestial 
bodies sometimes returned to our system, and, consequently, 
that they describe what are called re-entering curves in their 
revolutions about the sun. 

On the twentieth day of December, in 1680, appeared, above 
the horizon of London, the finest comet seen since the revival of 
learning ; it became visible in the evening soon after sun-set 


* Meteor. Lib. I. cap. 6. 
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and carried a train of vast extent, but it was then gradually 
receding from tlic sun and, after four or five months, it ceased 
to be perceptible. The same comet is, however, said to liave 
been obser\ ed at Coburg in Germany in the preceding Novem- 
ber, when it was approaching the sun; and, from the data w'hich 
all the observations furnished, Doerfel computed the elements of 
its orbit on the supposition that it had the form of a parabola ; 
but Dr. Halley, remarking that a considerable comet had now 
for the fourth time appeared, at intervals of 575 years; the 
first at the death of Cajsar, and the third, or that which im- 
mediately preceded the present comet, in the year 1106, [ac- 
cording to the Saxon Chronicle,] conceived that they might 
be the same ; and, by trial, he found an ellipse in which, from 
the theory of gravitation, a comet might revolve in that period 
and which, at the same time, passed very nearly through the 
points determined by the observed longitudes and latitudes; 
and, from the dimensions of this ellipse, it was ascertained that the 
comet, when in the perihelion point, was at a distance from the 
surface of the sun less than ono-sixtli of tlie semidiaiiieier of 
tins luminary 

Dr. Halley also calculated the orbits of two comets which had 
been observed in 1556 and 1661 ; and comparing the first with 
one which, according to Matthew Paris, appeared in 1264, and 
the other, with one obsenx'd by Apian in 1532, he found them, 
respectively, to be so nearly the same, in the places oi’ their 
perihelion points and the distances of these from the sun, and 
also, in the inclinations of their orbits and the places of their 
nodes, as to afford reason to believe that the two last were iden- 
tical wdlh the two former ; the periodical time of that which 
appeared in 1264 and 1556 is, therefore, 292 years, and that of 
the other, 129 years; the former may consequently be expected 
in 1848, and the other should have reappeared in 1790; as 
this did not happen, the identity of the comets of 1532 and 
1661 is doubtfiil, or it may be imagined that the perturbations 
of the other bodies in the system, have so deranged the orbit 
as to prevent the possibility of its recognition. It is needless to 
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say that little reliance can be placed oh the computed return of 
the first comet 

In 1^82 there ai)peared a comet in a part of the heavens 
where one had been observed in 1607, and Dr. Halley, having 
computed the principal elements of both, found, from their near 
coincidence, that the comets must be identical : as the inter- 
val of these appearances is between 75 and 76 years, he ven- 
tured to assign that interval as the periodical time of the comet’s 
revolution and to forctol that it would, next, be visible in the 
year 1759. The French astronomer, Clairaut, subsequently cor- 
rected the value of the period which had been determined by 
Halley, on account of the ])crturbations produced by the attrac- 
tions of Jupiter and Saturn; and, for the first time, a prediction 
relating to the rotuin of a comet was fulfilled ; for this again 
appeared in 1758 and passed the perihelion point of its orbit 
in March 1759, only thirty days>earlier Ilian the time found by 
Clairaut ; and thus was established the fact that the comets 
arc subject to the same laws of motion as the planets. This 
IS that which is particularlj^ distinguished by the name of 
Halley’s comet; the first notice we have of it is its appear- 
ance in 1456, and, from the computations of M. Damoiseau, it 
may with confidence be expected to pass the perihelion about 
November 26, 1865. The aphelion point of its orbit was, by 
Dr. Halley, comjiuted to be .1300 millions of leagues from the 
sun, and the perihelion point, only 20 millions : and it is said 
that, when near tliis last situation, the comet presented phases, 
like the moon. 

The orbits of above one hundred comets are now considered 
as known ; but, if we except the comet of Halley and two others 
which were discovered by M.M. Encke and Biela, in Germany, 
whose computed returns have been satisfactorily verified, the 
determinations of their mayor axes and the times of their revolu- 
tions, being founded on obser^^ations made during Uie short times 
in which the bodies arc visible, are yet too uncertain to inspire 
much confidence : tlie periodical revolution of Encke’s comet is^ 
accomplished in 8j- years, and that of the comet ot Biela iu*64 
years ; the former came, to its perihelion in J une, and the latter 
in November of th^ last year, 1832. In 1770 appeared a 
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comet which was said to have been greater tlian the moon ; and, 
of all that have been observed, this is that which has approached 
the nearest to the earth : it was visible both before and .^fter its 
arrival at the perihelion point; and, from its positions iri s]$ace, 
MM. Euler and Lexell found its orbit to be elliptical, and the 
time of its revolution to be between five and six years : yet it has 
never since appeared ; and it is, therefore, evidentihat its path 
must have suffered some very great change, probably by the at- 
traction of Jupiter, part of whose orbit appears to be near the 
aphelion of that of the comet. In determining the periodical 
time of the comet of 1769, the same mathematicians found this 
element uncertain to the amount of 70 years ; for the obser\^ations 
are equally well represented by two ellipses, in which the limes 
of revolution arc 449 and 519 years respectively ; and Pingre as- 
signs to the period 1231 years. Four periods have been found 
by M. Bessel for the comet of 1807, of which the least is 1483 
years and the greatest 1952 years; and that of the groat comet 
seen in 181 1 is said to be either 2301 or 3056 years : it must be 
concluded, therefore, that much yet remains to be done before 
the cometary theory will be capable of bearing a comparison 
with that of tlie planets. 

It has, often, been maintained that the regions of space occu- 
pied by the bodies of the solar system are filled with an ethereal 
matter ; and that the resistance j)roduccd by it is the cause of 
those inequalities which arc observed in the motions of the 
planets, and which could not, at one time, be accounted for from 
the theory of gravitatioii. It is well known, however, that, in 
proportion as the analytical processes employed in physical 
astronomy were extended, the several apparent anomalies were 
found to be comprehended within the grasp of the general 
theory ; and it is, now, no longer necessary to have recourse to 
the hypothesis of an ether, for the explanation of any pheno- 
menon presented by the sun, moon, or planets. This is not the 
case with comets, whose irregularities are far greater than those, 
of the other bodies composing the system ; and an attempt has 
bel^ made by M. Encke, the astronomer above mentioned, to 
account for an apparent diminution, in each revolution, of the 
periodical time and eccentricity of the comet which goes by his 
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namey by< the old hypothesis of an ether diffused through space*. 
As it m^ht fie urged that no such fether affects the motions of 
the planetSy the writer of the articley M. Mossotti^ observes tbaty 
on account of the very eccentric figures of the orbits ; the per- 
petual changes in the fomy and velocities, and the . smallness of 
the masses of ,the comets ; the resistance of an ether may be- 
come capable of disturbing, the movements of those bodies, 
though its effects are insensible in tlic movements gf the planets. 
But it IS evident that the cometary theory must be much further 
cultivated, and observations greatly multiplied, before if will be 
possible to decide on the validity of jui hypothesis which ought 
not to be received till every process founded on the theory of 
gravitation has failed to elicit the object of inquiry. * 

Besides the efforts which have hitherto been made, and those 
which must, yet, long continue to be made, in order to render 
perfect our knowledge of the system of plaitets and comets be- 
longing to the ,sun, a most extensive fiehl of research, in the re- 
gions of the stars called fixed, invites the diligence and promises 
to reward the labours of future astronomers. In addition to the 
fixation of the places actually occupied by the stars, and the de- 
termination of the changes to which those places appear subject, 
from the causes above explained, tlie cultivators of the science 
have now to attend to the appearances presented by the stars them- 
selves, and to the variations of position which have been observed, 
and cannot be accounted for by any of those causes ; and which, 
therefore, are considered as resulting from motions peculiar to 
the stars themselves : observations continued during many years 
will, it may reasonably be expected, at length afford tlie means 
of discovering some general law’^ imdcr w hich all those variations 
may be reduced, atld of establishing the universality of that law 
of gravitation w'^hich has hitherto been verified only within the 
limits.of the planetary system. 

We have had occasion to mention the sudden appearance of 
some stars and the disappearance of others ; and it may now be 
stated that certain stars seem, alternately, to increase and 
nish in brightness, and even to become visible, and invisible, 
the ends of certain intervals of time. Hipparchus is the first 

* Memoirs of the Astronoiuiral ^odrty of Lmulon, Vol II. P.irt I Art. 5. ^ 
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astroDom^ who is known to have witnessed the appearance of 
what is called a new star ; but, from his time, till the ^tter end 
of the sixteenth century, very few such phenomena are on re- 
cord, and.of these no particulars are related, if we except that a 
star as bright as Venib is said to have been seen, in Aquila, in 
the year 389, of our era. In 157d, TyCho Brahe discovered that 
remarkable star in Cassiopeia, whose subsequent disappearance 
' excited so much attention among the learned and the ignorant ; 
and, in 1596, Fabricius discovered one in the constellation Cetus 
which, also after some time, became invisible : this, however, 
was again observed in 1638, and it was, afterward, found to be 
one of those which appear and disappear alternately, and to un- 
dergo periodical variations of light ;«but the intervals in which 
the changes seem to take place are variable, and Hevelius ob- 
serves that, in his time, it had been for four years invisible. Bul- 
lialdus and Descartes account for these phenomena, and tlieir 
explanation appears sufficiently probable, by supposing that the 
fixed stars, like our sun, may revolve on their axes and have on 
some parts of their surfaces many dark spots ; these, being occa- 
sionally turned towards the earth by the revolution, cause the 
stars on which they are, to be apparently less bright, or to dis- 
appear entirely, from the deficiency of light ; and when the side 
which has few or no spots comes, afterward, to tlie same posi- 
tion, the star is again rendered visible. 

We have said that the efforts to determine the parallaxes of 
the fixed stars have not been successful, though, for this pur- 
pose, the whole diameter of the earth^s orbit has been taken as 
a base, from the extremities of which the apparent places of the 
brightest and therefore, probably, the nearest stars, have been ob- 
served : the results of the most careful observations having shewn 
that if such parallax exists it must be less than the errors to 
which the instruments are subject, and inseparable from jtbem. 
It ought, however, to be observed, that two celebrated mathe- 
maticians, M. Bessel and the Bishop of Cloyne, have confidently 
asserted, from their own observations, the reality of an annual 
parallax ; but it is remarkable that the observations made by Mr^ 
Pond, the Astronomer Royal, with the accurate instruments be- 
longing to the Greenwich Observatory, seem to jurove the con- 
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trary : we can therefore, at present, only conclude that the dis- 
tance of^lie nearest fixed stars firom our systooa is imineasurahly 
great. 

These stars are of all varieties of colours, and the telescope 
shews that an immense number of those which appear single to 
the naked eye, are really double or multiple, consisting of two 
or more, seemingly close together and, generally, of unequal mag- 
nitudes ; but the ihost remarkable circumstance connected with 
the phenomena of double stars is that one of them appears to have 
a movement about the other as a planet moves about the sun. 
We have, thus, a glimpse of various systems of bodies subject 
to the principle of gravitation but very differently liom that to 
wliich we belong: instead of a number of planets and* comets 
revolving about one sun, we perceive suns revolving about suns 
each, ]>erhaps, attended by his proper system of planets ; or it 
may be that, in some cases', within the orbits of all the planets 
composing a system are included two or more suns ; and any of 
these arrangements will evidently give rise to a theory of move- 
ment far more complex than that which is required to explain 
the phenomena of the bodies composing our solar system. The 
astronomical world is indebted to Sir James South for a series 
of accurate obsen^ations, lately made, to determine the periodical 
times in which the revolutions of many of these double and 
multiple stars are performed. 

Besides the objects which present themselves to the eye of 
the observer w luminous points, innumerable small cloudy 
spots are, by the ait. of the telescope, seen in the beaTvens ; and 
Sir William Herscbell, who particularly directed his attention to 
these nebulosities, has determined the position of above two 
thousand of them, which he has divided into various classes 
according to their particular appearances. In almost every 
instance he has found them to consist of very small stars cd- 
lected in masses which assume a spherical figure, and appear 
most condensed towards the centre ; and, from these circum- 
stances, he concludes that they have been formed by the action 
of a central force which has drawn the component stars toge- 
ther in groups at immense distances from each other and from 
the part of the universe occupied by our planetary system. 

kk2 



600 


THE LATEST BISCOVEKIES 


[chap. 


Of the nebulous matter which does not appear capable of resolu- 
tion, by the telescope, into separate stars ; it is obscrv^ by Sir 
John Hcrschell, the learned son of the illustrious astronomer 
above mentioned, that that opinion concerning, its nature and 
uses, in which it is regarded as a self-luminous or phospho- 
rescent material substance in a highly dilated or gaseous state, 
but gradually subsiding by the mutual gravitation of its mole- 
cules into stars and sidereal systems must, in tlie present state 
of our knowledge, be looked upon as the most probable*. And 
this opinion seems to be strengthened by the observation of Mr. 
Pond, die present Astronomer Royal, that the nebula of Orion 
is gradually contracting its dimensions, and leaving intervals 
greater than those formerly observed, between itself and the- 
neighbouring stars**. The band surrounding the heavens, and 
which we designate the Milky Way, is also considered by Sir 
W. Herschell as a nebulous cluster of stars ; within it he places 
om* sun with its attendant planets, and he ascribes its particular 
appearance to the position we occupy, which he suj^poses to he 
near its cendc, and to the smallness of its breadth compared 
with its extent in the direction of the plane of tlie visible 
circle. If, as there is abundant reason to believe, this opi- 
nion be well founded, it is evident that the magnitude of our 
vast and splendid system must bear an insignificant proportion to 
that of the whole cluster ; and infinitely less to the extent of 
the universe ; since a spectatoi placed in any one of the myriads 
of stars composing the cluster, and looking towards this part of 
space, would entirely lose sight of this massive earth ; even tlie 
orbit of the Georgium Sidus urould scaicely subtend a sensible 
angle, and our brilliant sun would be reduced to a point of light 
only distinguishable by the most powerful telescopes. 

Concerning the disposition of the fixed stars there was pro- 
posed by Kepler, and described by Dr. Halley in the Philoi^o- 
phical Transactions for 1720, an ingenious hypothesis founded 
on the idea that these stars are suns, or the centres of systems, 
held in equilibrio by their mutual attractions, and that the stars 
of the first magnitude are those nearest to the earth. Now the 

* Mem. of the Afttron. Soc. VoL II. Part 2. Art. 29. 

^ Ibid. Vol. III. Part 1. Art. 9. 
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number of points which can be placed on one spherical surface, 
at a distance .from each other equal to the radius of the sphere, 
is thirteen ; it follbws, therefore, that if the stars of the first 
piagnitude are so placed, our sun being at the centre of the 
spherical surface, the equilibrium will subsist and, in this case, 
there should appear only thirteen such stars. Then supposing 
the stars of the second magnitude to be on the surface of a 
sphere having twice the radius of the first sphere, such surface 
would contain fifty-two points at distances from each other 
equal to the distance of the surface of this sphere from that of 
the first ; and hence it is concluded that there should appear 
but 52 stars of the second magnitude ; for a like reason there 
should be but 1 1 7, of the third, and so on, to those of the least 
visible magnitude : and though it is not probable that the stars 
are disposed exactly on the surfaces of such spheres, yet there 
is nothing to disprove the opinion that the stars which appear 
to us of difierent magnitudes are situated nearly at the distances 
from us Avhich the hypotliesis assigns. Tlie stars of the first 
tw^o magnitudes are, very nearly, equal in number to those sup- 
posed by Dr. Halley, but we are scarcely able to form a correct 
opinion of the number which should be classed under the re- 
spective magnitudes beyond the first and second. 

The proper motions first suspected by Dr. Halley from a 
comparison of the latitudes of certain stars, obser\ ed by himself, 
W'ith the latitudes determined by Ptolemy and Tycho Brahe, 
have been already verified in many of the principal stars ; and 
w'e have mentioned the assertion of Sir William Herschell that 
some of these motions seemed to indicate a movement of the 
whole solar system in space : but, whether this movement is 
progressive or performed in a circular manner about some un- 
known centre of attraction, the observations arc not yet suf- 
ficiently sure to allow an opinion to be fonned ; and it must 
also be remarked that many of the observed changes of place 
in the stars are quite inconsistent with citlier hypothesis : the 
complete determination of this question must, therefore, be l^ft 
to the astronomers of a future age. 

The ancient catalogues of stars being extremely deficient in 
accuracy, Flamstead, between 1668 and 171^, by means of the 
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transit instrument and mural circle with which the Greenwich 
observatoiy was then furnished, fixed the position of three thou- 
sand stars with respect to their right ascensions and<^eclina- 
tions : witliin that interval of time Dr. Halley made a voyage 
to St. Helena, partly for the purpose of obtaining the places of 
the stars in the southern region of the heavens ; and, though 
the atmosphere about the island was unfavourable for astronomical 
observations, be succeeded in determining the positions of more 
than 350 stars, but the honour of making a complete catalogue 
of the southern stars was reserved for La Caille, who accom- 
plished this great task from observations made in the years 1751 
and 1752, during his stay at the Cape of Good Hope. Sub- 
sequently, an extensive catalogue, containing the places of fifty 
thousand stars, in both hemispheres, whicl\ it cost the labour of 
ten years to complete, was made by M.M. Le Fran^ais and Je- 
rome Lalande ; and we now possess in the Berlin catalogue of 
M. Bode, which contains 17,240 stars with their right ascensions 
ancf declinations, computed for the first day of January, 1801, 
and the annual variations of those elements. 
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CHAPTER XXIV. 

THE TBANSCENOENTAL ANALYSIS BHPLOYEP IN PHYSICAL 
ASTBONOMT. 

At what time the planetary theory was first investigated analytically.-— 
Cause of the revolution of a smaller body about a greater. -^The problem of 
Three Bodies applied by Clairaut and others to the investigation of the 
lunar inequalities. — The cause of the moon's acceleration explained by 
La Place. — The inequalities of the mean motions of Jupiter and Saturn 
were investigated by Euler and others.— The figure of the earth and the 
constancy of its time of rotation determined by La Place. — The venations 
of the precession, the obliquity of the ediptic, and the length of the year, 
shewn. — The figure of the moon determined by La Orange.— The perma- 
nency of the planetary system. • 

The geometrical analysis which Newton, following the ex- 
ample of the ancient mathematicians, had adopted in his inves- 
tigations being almost immediately after his death abandoned, 
the fluxionary, or difierential calculus, which had been discovered 
by that great philosopher and, perhaps independently of him, 
by the celebrated Leibnitz, was zealously cultivated both 
in this country and on the continent; and, having been 
brought to a highly-improved state, it was applied to the so- 
lution of problems relating to the phenomena of the heavens. 
More than half a century, however, had elapsed since the pub- 
lication of the Principia without any attempt being made to 
repeat or extend the researches commenced by its illustrious 
author ; but, about the middle of the eighteenth century, a num- 
ber of learned men, as if by a common impulse, embracing the 
law of gravitation proposed by Newton, applied themselves to 
the task of forming on it, as a basis, by the new analysis alone, 
a complete theory of the planetary movements : among these 
were Clairaut, Euler, and D’Alembert, who, in 1747, apparently 
without any knowledge of each other’s intentions, investigated 
the curve which would be described by a body when urged by 
an impulsive force in a given direction, attracted by a second 
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body with a force varying, inversely, as the squai'e of the dis^ 
lance, and having its path disturbed by the attraction of a third 
body acting on both at a finite distance from either. ^ 

in the Newtonian hypothesis, all the bodies of the solar sys- 
tem are supposed to attract each other, mutually, according to 
the same law, and the first step in the enquiry concerning the 
consequences of the principle, appears to have been that of 
deteimining for what reason any one or more should ^evolve 
about another, and why diis last should not revolve about citlier 
of the others ; why, for example, the moon should revolve about 
the eartli rather than the earth about tlie moon, or why botli of 
these should revolve about the sun rather than the sun about 
them ; and in answer to this question, it was rightly alleged 
that, since the attmetive principle resides in every particle of 
matter, the greater bodies must necessarily exert the greater 
infiueiice, and cause a greater movement than can be commu- 
nicated by those which are sniallor. When, however, two 
bodies of unequal magnitude, as the earth and moon, attract 
each other, the common centre of gravity of both is at a dis- 
tance from either, inversely proportional to the magnitudes, and 
Uie attraction of each causes the other to revolve about this 
centre of gravity ; so that the moon, which is tlie smaller body, 
being at the greatest distance from the centre of motion, de- 
scribes an orbit whicli necessarily includes that described by the 
earth about the same point, llie sun, also, being vastly greater 
than all the circumvolving planets is, for a like reason, able to 
make but a very small movement about the common centre of 
the system, when compared witli that motion which is per- 
formed by any one of the planets. 

The investigations of New'ton had clearly shewn it to be a 
necessary result of his law^ of graritation, that the orbit of any 
body revolving about a centre of attraction should be a mathe- 
matical ellipse, tlie attraction of the other bodies of the system 
being excluded : now, delicate observations had shewn that this 
is neither the figure of the lunar orbit nor of the orbit described 
by any planet, or by the common centre^of gravity of a planet 
and his satellites ; but it was reasonable to suppose that, if tlie 
planetary bodies reciprocally gravitate towards each other by 
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the samd law of attraction, such law would' suffice to explain 
the deviatibns of the orbits from the elliptical figure; conse- 
quently, it would be possible, in given* circumstances, to com- 
pute, from it, the amount of the deviation and of the inequalities 
produced in the motion of a planet ; and this is what has been, at 
length, satisfiictorily proved by the mathematicians of the last 
and present age's. If, however, the investigation of the figure 
of an undisturbed orbit ; or, in other words, if a theory of two 
bodies, was thought to be difficult, much more so must have 
appeared that which relates to the attractions of tlirec, or a 
greater number of bodies. In fact, the problem of Three Bodies^ 
as it was called, presents, if considered in all its generality, 
difficulties which all the powers of the modem analysis are not 
able to overcome ; but these have been considerably diminished 
by su])posing one of the attracting bodies to be very superior in 
mass to either of the others, as is the case with the sun and 
planets ; or veiy remote, compared with ftie distance between 
the others, as is the case witli the sun when disturbing the 
moon. 

The variations, caused by tlic attraction of the sun, in tlie 
movements of the moon and'in the figure of her orbit, are far 
gteater than those in the movement and orbit of the earth or of 
any one planet by the attractions of the otliers, and, on that 
account, the correct deterrainatioii of tliem from the assumed 
law' ol‘ gi'avitation is, evidently, the best test of the truth of the 
law' ; accordingly, the theory of the moon w'as almost the first 
object to which the continental mailiematicians applied the 
powers of the difierential analysis. Agreeably to the method of 
New'ton, w hich has been already explained, and indeed it was 
not possible that any other should be pursued, the disturbing 
force, both in the lunar and planetary theories, was conceived 
to be decomposed into two forces, one acting in the direction 
of a tangent to the path or orbit oJT a disturbed body, and the 
other in the direction of its radius vector : but, from this point, 
the courses of the investigations conducted by Newton, and by 
the foreign disciples of his school, diverged from each other, to 
meet only at the conclusion of the enquiry. 

In 1747, both Clairaut and D’Alembert, when treating in a 
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geo^ral way the mori^aaent of a body attracted by two others, 
determined, on the same principles, those different inequalities 
of the moolf s motion in longitude which had, previousl;^, been 
distinctly ascertained from observation and explained, though 
briefly, by Newton, in the Prineipia; and their researches were 
n^t directed to the determination of the progressive movement 
which was known to take place in the lunar apogeum. The 
cause of this phenomenon had, indeed, been contemplated by 
Newton, but he had rather shewn that the movement was ex- 
plicable by some particular law of gravitation than by that 
which is assumed as the basis of the elliptical theory ; it was of 
importance, therefore, that, assuming the Newtonian law to be 
that of nature, the value of the progression should be determined 
theoretically, in order that, by its agreement with the results of 
observation, should such agreement be found to exist, the truth 
of Uiat law might be established. The process employed by tlie 
above mentioned mathematicians is one consisting of approxima- 
tions successively made; and it happened (which is very 
remarkable since both arrived, independently of each other, at 
the same conclusion and at Uiat obtained by Newton himself) that 
the result was, a value of the progression equal to about half, 
only, of its obsen^ed value : not being aware of the defects in 
the processes they employed, and not being able to detect any 
error on revising the steps through which the enquiries pro- 
ceeded ; it was immediately suspected that so great a difierence 
between thcoTj' and observation, in a point immediately de- 
pendent on the former, could only arise fi'oin an erroneous 
assumption of the law of gravitation, which, it was then sup- 
posed, might not bo so simple as that proposed by Newton ; 
and Clairaut suggested that it might be inversely proportional, 
partly to the square and, partly, to the fourth power of the 
distances of the attracting bodies, lliis learned analyst, how- 
ever, in 1749, found, by continuing the approximative process, 
employing terms which had been before neglected front their 
supposed insignificance ; but which, by integration, acquired 
small divisors and, consequently, became considerable in value, 
that the next step produced a correction nearly as great as that 
which had been previously obtained. The correction thus for- 
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tunately discovered by Clairaut, and which was immedia^ly 
adopted by D’Alembert, being applied to the former result, 
render^ the computed amount of the progression, consequently, 
veiy nearly equal to the true value of that element. 

We have said that the value of the progression of the lunar 
apogeum might have been foimd by supposing the law of the 
earth’s attraction to be different from that assumed by Newton ; 
and, dierefore, the determination of tliat progression by the 
modification which the sun’s perturbating force produces in the 
general law of gravitation is not to be considered as, alone, 
proving the truth of this law, though it affords one of the most 
important arguments in its favour; but, taken in connection 
\iTth the many other instances in which the results of theory 
accord with observations, where such accordance would not 
exist under any other law of attraction, it produces an irresistible 
conviction that Newton’s law is that of nature. 

Mayer, in his Theoria Lmhub, and Thomas Simpson in his 
Tracts, which were published in 1754, also investigated by the 
theory of gravitation the elements of the lunar orbit, and suc- 
ceeded in obtaining correct values of its inclination to the 
ecliptic, and the motions of the nodes and apogeum: and, 
besides the equations of the moon’s movement in her orbit, 
which had been before distinguished, they deduced analytical 
formulae exhibiting several others arising from the various per- 
turbations to which that luminary is subject ; the former astrono- 
mer founded also, on those deductions, the correct tables of the 
lunar motions which we have already had occasion to mention. 

Dr. Halley had discovered, by comparing the places of the 
moon, deduced from the observations of tlie Chaldeans, of Hip- 
parchus and of Ptolemy, with those obtained from the modem 
astronomy, that the moon’s mean motion was constantly acce- 
lerated at the rate of about one degree in two thousand years ; 
and, in his time, it was generally believed that this acceleration, 
and the corresponding diminution of the moon’s mean distance 
from the earth, would continue till the former body should come 
in contact with the latter ; when, it was conceived, the race of 
man, and his works, would be destroyed and the earth would 
revolve about the sun without a satellite. As this dfamnution 
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of the moon’s motion appeared, at first, incqiable of being ex- 
plained by solar or planetary perturbation, other causes of the 
phenomenon were to be sought for: M. Bossut suggested’lhat it 
might be owing to the resistance of a medium diffused through 
the celestial spaces ; and La Place, at one time, imagined that it 
might be a consequence of the time spent in the transmission 
of the power of gravity from one body to another : but this great 
astronomer having proved that these causes are not sufficient 
to account for the effect ; and having discovered that the mean 
motions of the satellites of Jupiter are subject to secular 
variations dependent upon the” eccentricity of the orbit of that 
planet ; immediately conceived .that the variable eccentricity of 
the eaitli’s orbit might, in like manner be the cause of the ap- 
parent acceleration of the moon’s motion. The processes he 
had employed in the theory of Jupiter’s satellites were, therefore, 
applied to tliatof the moon, and, from the assigned cause, which 
is itself produced by the combined attractions of the sun and 
planets on the moon, he discovered that tliere resulted a secular 
inequality not only of the moon’s motion, but also, of the motion 
of the nodes and perigeum of her orbit ; by which tlie first is, 
at present, augmented, and the other two diminished. The 
values of these inequalities, determined by theory, were foimd 
to correspond with those deduced irom ihe observations of the 
ancient eclipses recorded by Hipparchus and Ptolemy ; and La 
Place remarks that, from them, the ages in which those astro- 
nomers lived might be determined witliiu a centuiy or two; 
from them also, the Hindu Tables, which Bailly supposed to 
have been formed three thousand years before Christ, might, he 
observes, be proved to be less ancient than ^the pibles of 
Ptolemy". The periods in vvhich these inequalities compensate 
themselves are immense, but the opinion that the^ moqp will at 
any time come in contact with the earth must novv be abandoned; 
since, by a change in the configurations of the disturbing bodies, 
effects directly the contrary of those which are now observed 
will, in time, take place ; those effects will continue till a new 
change agmn reverses J^e order of the movements ; and there is 
no reason to believe that this oscillation will ever terminate. 

• Mccanique C41e»te, Tom. V. page 360. 
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The planets Jupiter and Saturn being much superior in mag* 
nitud^to any of the others, it is evident that the action of the 
sun upon them, and their reciprocal actions on the sim and on 
each other, may be considered as nearly independent of the at- 
tractions exercised by the other bodies of the solar system. 
These three bodies, therefore, constituting, in themsdves, almost 
a complete system, it was natural to apply to them processes 
similar to those which had for their object the mutual actions of 
the earth, sun and moon, considering either Jupiter or Saturn 
as a body revolving about the sun in an elliptical orbit, and 
disturbed by the attraction of the other planet : the conditions 
in the two theories seemed, at fUtsi sight, nearly the same ; and 
it might have been supposed that the results would be of a like 
kind. A difference, however, does exist between the theories ; 
for, in that of the moon, the sun’s distance is always much 
greater than that of the earth ; whereas the distance between 
Jupiter and Saturn, when both are in conjunction with the sun, 
is nearly equal to that of the sun from Jupiter : hence it follows 
that the perturbations which these planets produce in each 
other’s motions are, in some circumstances, of a nature opposite 
to those produced by tlie sun on the motion of the moon about 
the earth. 

Wc have mentioned that Newton did not investigate the per- 
turbations which the actions of the planets on the sun and on 
each other produce in tlie elliptical motions ; he observes, how- 
ever, that the action of Jupiter on Saturn, when botli are in con- 
junction with tlie sun, is to the action of tlie sun on Saturn as 
1 to 211, and therefore the former ought not to be neglected; 
but it is a remarkable fact, as is observed by Euler and La 
Place, that tlie derangement of Saturn, when the two planets 
are so situated, is almost Insensible, and the corresponding de- 
rangement of Jupiter is 'about six times as great, though the 
action of Jupiter on Saturn is to the gravity of Jupiter towards 
the sun in the ratio of 1 to 500 only. 

Both ancient and modem observ ations had indicated great 
irregularities in the motions of those two planets. Dr. Halley, 
from a comparison of the more ancient observations had per- 
ceived a diminution in the mean motion of Saturn, and an.accc- 
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lotion in that of Jupiter : M. Lambert had obtaiiled a contraiy 
result from a comparison of the observations of Tycho ^Brahe 
with those made in the 18th century ; and, lastly, La Lands 
found that the returns of Saturn to the vernal equinox took 
place earlier, and those to the autumnal equinox later, than the 
times assigned by theory, though the powsitions of Jupiter and 
Saturn with respect to each other and to their aphelia were 
nearly the same. From these circumstances it was, generally, 
concluded that some foreign cause deranged the motions of 
those planets, or that there was something yet undiscovered in 
the principle of gravitation itself. 

Now Euler, in a paper composed in 1748, for the prize ofiered 
by the Academy of Sciences at Paris, inv estigated the theory of 
planetary perturbation ; and this Essay must be considered as 
die first of those three which were, nearly at the same time, 
written by Euler, D’Alembert and Clairaut on the subject ; and 
which are considered as containing the solution of the problem 
of the three bodies. Tlie essay of Euler is confined, chiefly, to 
the enquiry concerning the perturbation of the motion of Saturn 
by the action of Jupiter ; but, in it, this great mathematician 
facilitated, in a most important manner, the analysis of these 
subjects by developing the periurbating forces and the mutual 
distances of the pcrturbatiiig planets, in sines and cosines of an- 
gles augmenting udth the time; certain errors in his calculations, 
however, vitiated his results, and, when the longitudes of Saturn 
computed from the formulae were compared with the observed 
longitudes, they were found to differ considerably ; the errors 
not being discovered on a revision of his processes, he was led 
to suspect that the Newtonian law of gravitation required to be 
modified : a suspicion which he afterwards shared with the other 
two mathematicians above mentioned, but which was soon per- 
ceived to be imfounded. • 

It was in considering the inequalities of Saturn dependent upon 
the eccentricity of Jupiter’s orbit, that the integration of his diffe- 
rential equations brought out an inequality of longitude which 
was expressed by an arc of a circle unaffected by sine or cosine^ 
and having a coeflScient increasing with the time ; a similar term 
occurred in the lunar theory; and, since trigonometrical functions 
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of arcs dependent on the time are essential to the expressioii 
of periodical inequalities^ it follows that the absence of such 
functions in a term must indicate the existence of an inequality 
which, instead of being periodical, would go on forever increas- 
ing : but, by employing particular artifices in the analysis, Euler 
and D’Alembert were enabled to get rid of the simple arc ; and 
the perpetual inequality of motion, of course, vanished with it. 

Euler gave, in'1752, a second memoir concerning the planetaiy 
movements, confining his researches, however, as in the fonner, 
to the motions of Jupiter and Saturn; and in this he notices 
his important discovery, that the eccentricities and positions of 
the aphelia of those planets vary continually, but unequally, in 
different ages, and that they restore themselves in a* period of 
30000 years. He wrote a tliird memoir, in 1756, in which he ar- 
rives at the same result as in the first, but by difierent processes, and 
assigns the value of two* secular equations in the longitudes of 
Jupiter and Saturn, which, by errors in the calcul^ions, he 
makes equal to each other, and both additive to the mean lon- 
gitudes of these planets. In these papers the merit of Euler, in 
shevdng the most direct path by which the results of the theory 
of gravitation may be obtained, and in overcoming by his pro- 
found skill in analysis, difficulties w'hich would have arrested 
the generality of mathematicians, is eminently conspicuous : he 
has here exhibited the differential formulsB for the periodical and 
secular variations of the planetary motions ; and though some 
of these arc erroneous, it was comparatively easy for his succes- 
sors to rectify them by following his steps. 

To the works of Euler concerning the mutual perturbations 
of the planets must be added the Reckerckes sur le systime du 
Monde y published by D’Alembert in 1754, and the Memoirs, by 
La Grange, in the third volume of the MHanges de la SocUti 
Royale de Turin. The former matliematician applied, to the 
movements of the planets, when disturbed by their mutual at 
tractions, the formulas by which he had determined the motions 
of the moon ; but, in this enquiry, he does not appear to have 
added much to the investigations of Euler. La Grange, who 
seems to have been then unacquainted with the three essays 
above mentioned, obtained both analytical and numerical ex- 
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^ pr^ioiis for the secular variations of the eccentricity, the places 
of the apfaelia and nodes, and the inclinations of the orbits of 
Jupiter and Saturn, which La Place admits to be exact: he 
found, also, the two secular equations in their longitudes ; but, 
contrary to the determination of Euler, he makes them unequal, 
and one of them additive to the mean longitude of Jupiter; 
while the other, which is the greatest, is subtractive from the 
^mean Ipngitude of Saturn: both, however, have been since 
found to be erroneous. 

Tlie enquiries of Euler and La Grange having failed in throwing 
light upon the cause of the inequalities in the mean motions of 
those two planets, the subject was taken up by La Place, who 
was induced to enquire whether those inequalities which, to 
some persons had appeared to indicate a perpetual acceleration 
in the motion of one planet and retardation in that of Uic other, 
might not be accounted for on the supposition, that the power 
of gravity was transmitted through space in a deiinite time ; but 
a contemplation ^of the effects which, in the lunar theory, might 
be supposed to liave arisen from such transmission of the power 
of gravity, led to the discover^' that the velocity with which gra- 
vity must be propagated through space must be fifty million 
times greater than that of light ; and his conclusion is tliat this 
cause could not be productive of the inequalities in question. It 
was reserved, then, for this illustrious disciple of Newton, to de- 
duce from the theory of gravitation the nature and values of 
those inequalities ; to she^ , in fact, that they are periodical 
like the other variations in the elements of the lunar and planet- 
ary theories, but that they are compensated at the end of long 
intervals of time: and he thus explains them in the fifteenth 
book of the M^canique C^lenie, 

It is a remarkable result of the reciprocal attractions of the 
planets that, if we consider only the secular inequalities, ^the 
sum of the masses of tlie planets divided, respectively, by the ma- 
jor axes of their orbits, considered as variable ellipses, is very 
nearly constant. But, in the expression for the longitude, those 
inequalities acquire, by integration, the squares of the small co- 
efficients of the time, for divisors ; which, therefore, may render 
them considerable : from thence it follows tliat the sum of the 
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products of the secular inequalities^ resulting from the actions of 
Jupiter and'Saturn, multiplied, respectively, by the masses of those 
planets, is null : thei'cfore when, in consequence of these inequal- 
ities, the motion of Saturn diminishes, by the attraction of Ju- 
piter; that of Jupiter must be accelerated by the attraction of 
Saturn ; and the diminution must be, to the acceleration;4n the 
ratio of the product of the masses of those planets multiplied by 
the square roots of their major axes ; which is nearly conffirm- 
able to the determinations of Halley. On the other hand, when 
these inequalities accelerate tlie motion of Saturn, they diminish 
that of J upiter in the same proportion ; which agrees nearly with 
the result obtained by Lambert. From these circumstances, and 
because the mean motions of Jupiter and Saturn are nearly com- 
mensurable, La Place was led to infer, in the motion of each 
planet, the existence of an inequality, which might be compen- 
sated only at the end of a Jong period. In fact, as he observes, 
five times the mean motion of Saturn is nearly equal to twice 
that of Jupiter; and ho 'Concluded, tliat the terms whose argu- 
ments were expressed by the difference of these mean motions 
might become sensible, by integration, though they should be 
multiplied by such quantities as the pubes of the eccentricities 
and of tlic inclinations of the orbits : retaining, therefore, such 
terms in the investigation, the result justified his conjecture, and 
he found that there existed in the motion of Saturn an inequality 
whose period is 929 years, and in the motion of Jupiter a corre- 
sponding inequality which is affected with a contrary sign, and 
whose j)eriod is nearly the same ; the difference between the two 
scarcely amounting to one degree in one thousand years. The 
nearly commensurable proportion between tlie mean movements 
of these planets is, he observes, the cause of several other ine- 
qualities; of which the most considerable is one affecting the 
motion of Saturn, and it is this which, in the last century, ren- 
dered the returns of Satuni to the equinoctial points, apparently, 
irregular ; as La Lande had remarked. Thus, adds he, je vis 
toutes les observations anciennes et modernes repr^senUes par 
ma ih^orie^ avec la precision qrCelles comportent. Elies sem^ 
blaient auparaiHini^ inexplicables par la loi de la pesanteur uni- 
verselle ; dies en sont mainfemnt une des pretives les plus 
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frajymntes, Tel a le sort de cette hrillante dicouvertej que 
chaque difficulU qni s'est ^lev^Oy est devenue fH)ur eUe^ un nou^ 
veau sujei de iriomphe ; ce qtii esi le plus sAr caracUre vrai 
syst^me de la nature La Grange had discovered thajb the mutual 
perturbations of Jupiter and Saturn^ by making their nodes re- 
trograde on each otlier’s orbits, cause the intersections of botli 
orbits with the ecliptic to advance and retrograde alternately 
about a mean point on the latter ; the inclinations of tlie orbits 
to the ecliptic were, also, found to oscillate within certain 
limits about a mean state ; and all Uiese variations appear to re- 
quire for their accomplishment an interval of many thousand 
years. 

We have seen tliat Newton and Huygens had detennined the 
figure of the earth ; Uie former, on the supposition that its mass 
was of uniform density, and the latter, on that in which the 
different strata varied, in density, from the centre to the surface 
according to a certain law. But, in 1743, M. Glairaut, in lus 
Th6orie de la. Figure de la Terre^ exhibited several general equa- 
tions concerning the equilibrium of fluids ; and, applying them 
to the earth, supposing it to bo a mass consisting of several 
fluid strata varying in density, and revolvhig on a common axis; 
and, again, supposing that the earth consists of a solid nucleus 
of variable density and covered wiUi a fluid ; he proves that, in 
both hypotheses, an ellipsoid of revolution satisfies the condition 
of equilibrium in every stratum : he arrives, also, at the remark- 
able conclusion that, assuming the polar axis and the force of 
gravity at the equator to be, each, expressed by unity, the ex- 
cess of the eqtiatoriai axis above the })olar, added to the excess 
of gravity at the poles above that at tlie equator is a constant 
quantity. The Uieory of Clairaut was rendered more general 
by D’Alembert in his Recherches .sur le Systems, du Monde^ and 
this celebrated mathematician detennined the attractions of any 
spheroid, the equation of whose surface* is algebraical ; the 
subject was, however, treated on the like hypotheses concemhig 
the constitution of the earth, with greater precision and ele- 
gance by La Place in the tliird book of the M^canique Celeste ; 
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and, afterward, in the eleventh book, in order to bring the given 
conditions nearer to those of nature, he has included the case, 
in which the fluid leaves uncovered a portion of the solid 
spheroid : from these hypotheses he has investigated the figure 
\rhich the earth should assume, when in equilibrio between the 
attractions of its matter and the disturbing forces produced by 
the actions of the sun, moon and planets ; and he finds it to be 
that of a certain ellipsoid : he acknowledges, however, that this 
may not be the only figure under w'hich an equilibrium may sub- 
sist; but he proves that, whatever may be the form of the 
earth, provided it differs but littk from a sphere, the variations 
of gravity will follow the same law as in a regular ellipsoid. 

Experiments made with pendulums, in different parts of the 
earth, j»rove that the interior of the latter is not homogeneous ; 
and, a comparison of 'these experhueiits with the results of 
analysis shews, that the densities of the strata diminish from 
the centre to the surface : but La Place obsen^es that the regu- 
larity with which Uie vaiiations in the lengths of the pendu- 
lums accord with the law of the variations of the force of 
gravity (ihc squares of the sines of the latitudes) warrants tlie 
conclusion that the strata arc regularly disposed about tlie 
earth’s centre of gravity ; and that their form is nearly that of 
a spheroid of rcvf>iUtion, 

Having shewn the near agreement of the values of the earlli’s 
olli])ticity, c*blaiucd from the measures of the degrees of latitude 
and from the two inequalities of the moon’s motions which 
he had found to be caused by the oblate form of the earth, with 
that which results from the theorems directly deduced, on the 
supposition that the surface of the terrestrial spheroid is a fluid 
in o(piilibrio ; La Place also infers tliat the genei*al depth of the 
ocean Inust be small, and of the same order as the mean height 
of the continent and islands above its level, a height which does 
not exceed one thousand yards. 

That great changes have taken place on the surface of the 
earth is, however, admitted : our actual continents have formerly 
been situated under the ocean, and the latter must, at one time, 
therefore, have retired from Uiem to the bed which it now occu* 
pies, in consequence of partial sinkings and risings of the 
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ground ; but these changes do not appear to hare been attended 
with a depression of the general level of the waters amounting 
to more than a small part of the difference between the equa- 
torial and polar diameters of the earth ; and La Place concludes 
that there has not, consequently, been any sensible change in 
the position of the axis^>f the earth’s diurnal rotation ; which 
observations prove, moreover, to have always corresponded with 
the same points on the terrestrial surface. 

In the eleventh book of the M^canique celeste this illustrious 
mathematician and astronomer also considers the question 
whether the period in which the earth’s diurnal rotation takes 
place is susceptible of variation : a question of the utmost im- 
portance, since the supposition that tliis element is constant is 
involved in every conclusion drawn from celestial obsen^ations, 
and since the period of the rotation is always used as an in- 
variable standard for the measure of time. Geological obseiv^a- 
tions, however, present abundant evidence that the earth was, 
originally, in a state of fluidity, from heat ; and a gi'adual cool- 
ing of the mass, by causing a continual contraction of its bulk 
will, necessarily, produce a corresponding diminution in the 
period of rotation : for, by the approach of the molecules to- 
wards the centre, their radii vectores would, if the movement 
were not accelerated, describe smaller areas in given times about 
the axis of rotation ; but the momentum of the whole mass 
being supposed to remain for ever the same, it follows that the 
equalities of the areas must be preserved and, therefore, each 
molecule must describe a greater arc in a given lime ; that is, the 
velocity of the earth’s rotation must increase, and the period of 
its rotation be shortened ,* and Ibis effect should continue till 
the earth has acquired a mean temperature equal to that of tlie 
space in which it moves : but, from the theory of the secular 
inequalities of the moon, compared with the observations of 
ancient eclipses, La Place concludes that the duration of the 
natural day cannot have varied by so much as one hundredth 
of a second since the age of Hipparchus. The constancy of the 
earth’s rotation cannot but appear one of the most remarkable 
phenomena in nature : that, notwithstanding, the variable ve- 
locity of the earth in its revolution about the sun, the distortion 
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of its orbit and the displacement of ^ . plane of the terrestrial 
equator by the attractions of the celestial bodies^ this movement 
should *not have suffered any appreciable change within 2000 
years, is a circumstance which we should not have previously 
imagined, and which must be considered as the strongest ex- 
ample illustrative of the axiom in philosophy, that motion once 
communicated to a body, if not resisted by an external power, 
will continue for ever undiminished. 

About eighteen months after the publication of Dr. Bradley’s 
account of his discoveries relating to the inequdities of preces- 
sion and nutation, M. D’Alembert, by analytical processes, suc- 
ceeded in shewing these inequalities to be the results of the 
variable actions of the sun and moon on the terrestrial spheroid; 
and in the Memoires de VAcademie den Sciences for 1754, ex- 
tending his investigations to the general case, in which the 
parallels of terrestrial latitude are ellipses, he determines the 
ratio between the two axes of the ellipse described by the true 
pole of the cailli, and the law of the pole’s motion in the peri- 
phery of that ellipse. La Place has, even, examined the efTects 
produced upon the earth’s axis by the movements of the ocean 
and atmosphere, and he proves that Uiey arc the same as if 
these had fonned a solid mass adhering to the terrestrial sphe- 
roid. We owe to the same mathematician the investigation of 
an eflect arising fi’om the general attraction of all the planets 
upon the earth, wdiich consists in a gi’adual displacement of the 
plane of its orbit, and in a slow diminution of the obliquity of 
the echptic to the equator, together witli a small movement of 
the equinoctial points, in direct order. The annual amount of 
tlie former, in the present age, is about 0".521, and the latter, 
about 0''.313; but theory has, also, proved that the general 
attraction of all the planets on the earth will not always pro- 
duce a diminution of the obliquity of the ecliptic, nor a direct 
movement of the equinoctial points; in process of ages, by 
changes in the positions of the planets, the effects of their at- 
tractions in these respects will become less ; they will, after- 
ward, cease entirely ; and for a time, the obliquity of the eclip- 
tic and the jgeneral retrogradalion of tlie equinoxes will appear 
constant : but the positions again changing, those secular varia* 
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tions, as they are called, will again commence, but in contrary 
orders ; then, for ages, the obliquity of the ecliptic will appear 
to increase and the former direct movement of the equinoxes 
become retrograde; and these elements will thus appear to 
oscillate within certain narrow limits which have not yet been 
accurately defined. The annual amount of the general retro- 
gradation of the equinoctial points is, by theory, found to be 
equal to 50".413; and Uie diflerence between this quantity and 
the variation above mentioned is equal to tlie amount of the ro- 
ti'ogradation [50'M] determined by comparisons of tlie modern, 
witli the ancient observations on tlic longitudes of stars. I'he 
variability of the movement of the equinoctial points nocessanly 
produces corresponding variations in tlie length of the tropical 
year ; and since, at present, the general rctrogradation suffers, 
as we have said, a diminution, there ensues, in the lenglJi of 
ilic year, a corresponding diininution which has been sliewn by 
La Place to be equal to about four seconds, on comparing the 
present length w ith that in the tiuie of Hip})archus : the same 
causes operating, the diminution will continue till it arrives at 
a certain limit, after which an augmentation will tiike place to 
an equal extent; and the value of the year will thus alternately 
increase and diminish, probably for ever. 

In 17(14, La Grange investigated the theory of tlie moon’s 
figure supposing her to have been ('rginally fluid; he ascertained 
that, by her movement of rotation, she must, like the earth, 
have acquired an ellipsoidal form, and he found that, in the 
direction of the diameter wdiicli tends towards the earth, the 
elevation should be four times as great as that in the direction 
of a diameter at right angles to the foniier; this he shews to be 
the cause of her keeping nearly die same face constantly towards 
us; and it appears to be a necessary consequence of hci5*figurc 
that the nodes of her equator and her orbit should coincide, 
but La Grange considers it probable that these arc subject to 
certain small oscillations about their mean point of coincidence. 

It is, now, to be understood as completely established tliat the 
inequalities of motion which were formerly supposed to continue 
indcflnitely, are of the same nature as diose which axe compen- 
sated in comparatively short times, and which are, on that 
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account, called periodical; the former^ however, requiring 
many ages for^their compensation, have received the denomina- 
tion of %€cular variations. During the prevalence of the idea 
that Uiese inequalities were progressive it was confidently 
asserted, and Newton himself certainly entertained the opinion, 
that they would, finally, bring on the destruction of the solar 
system unless the power of the Creator should interpose to 
restore the order of things to its original state; but the dis- 
coveries of the modem analysis have overturned tliat notion, 
and we now consider that a particular intervention of the Deity 
would be necessary to put an end to that order, which he seems 
to have constituted for an eternal duration, or even to make any 
considerable change in the disposition and movement of anyone 
of the planets. I'he most remarkable fact brought to light 
by analysis is, that the major axes of the orbits, and the times of 
the revolutions of the planets about the sun, though subject to 
periodical variations, are entirely free from those called secular: 
La Grange, in the Memoires of the Berlin Academy for 1776, 
has shewn that, in the solar system, neither the recprocal 
attractions of the planets nor their oblate figures can, while tlie 
perturbating forces are very small compared with die attraction 
of the sun, produce any but temporary alterations either in the 
figures of the orbits or in the times of the revolutions; his 
argument being that the changes of the major axes, on which 
the other elements depend, can always be expressed by the 
sines and cosines of angles and are, consequently, periodical ; a 
circumstance which may be considered as demonstrating the 
pennaiiency of the system to which we belong. 

In conclusion, let it be observed that, should any new theory 
be hereafter proposed to account for the celestial movements, it 
may, without hesitation, be pronounced useless; since that 
which rests on the Newtonian principle of gravitation has been 
found capable, of accounting for the most minute variations in 
Uie planetary motions; and since, on comparing the results 
obtained by the fonnulsB deduced from it with actual observa- 
tions, the differences are, in all cases, very nearly within the 
limits of the errors arising from tlie defects of the instruments, 
or from the imperfection of human vision. Therefore, though 
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the principle above mentioned be objected to as hypothetical, 
no advantage will be gained by introducing any othei^ which 
must be no less so, and which cannot possess the merit of 
superior simplicity. It follows thRt, in astronomy, human 
ingenuity will, probably, in future, be able to accomplish littie 
more than an improvement in the means of making observations, 
or in the analysis by which the rules of computation are investi- 
gated: it must be own^Esd, however, that the last subject offers 
an ample field for the ^texercise of mathematical talent; pure 
science, in its present state, being still very inadequate to the 
direct attainment of the ends proposed, while its intricacy, in 
the higher departments, is such as to render the processes unin- 
telligible to all but the few distinguished persons who, by 
Nature and profound application to the subject, are qualified 
for such researches. 


THE END. 


..^^r 
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